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ANTI-CD228 ANTIBODIES AND ANTIBODY-DRUG CONJUGATES

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application claims priority to U.S. Provisional Application Nos. 63/061,111 filed

on August 4, 2020, the contents of which are incorporated herein by reference in ts entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCIE TEXT FILE

[0962] The content of the following submission on ASCH text file 15 incorporated heremn by
reference n s entirety: a computer readable form (CRF) of the Sequence Listing (file name:

761682004340SEQLIST. TXT, date recorded: July 30, 2021, size: 25 KB).

TECHNICAL FIELD

[8033] The present mvention relates to novel anti-CD228 antibodies and antibody-drug
conjugates and methods of using such anti-CD228 antibodies and antibody-drug conjugates to

ireat cancer.
BACKGROUND

[6004] D228, which is also known as melanotransfernin, MELTF, p97 and MF12, 15 2
glycosylphosphatidylinositol-anchored glycoprotein and was first identified as a 97-kDa cell-
surface marker for malignant melanoma cells. CD228 is overexpressed on a majonty of chinical
melanoma 1solates and s also observed on many human carcinomas. CI3228 has been shown to
be expressed 1n a variety of cancers. CD228 belongs to the transferrin family of wron-binding
proteins.

[8805] Melanoma, also known as malignant melanoma, is a type of cancer that develops
from melanocytes, which are pigment-contaimng cells. Melanoma is the most dangerous type of

skin cancer. In 2015, were 3.1 mullion people with active disease and melanoma resulted 1o
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59,800 deaths. Surgery can be effective for early stage melanoma, but may not be a treatment
option for disease that has metastasized to distant organs. Melanomas that spread often do so to
the lymph nodes in the area before spreading elsewhere. Attempis to improve survival by
removing lymph nodes surgically were associated with many complications, but no overall
survival benefit. Immunotherapy, chemotherapy and radiation therapy have all been used, but
are often not curative, particularly for late stage melanoma. When there is distant roetastasis, the
cancer is generally considered incurable. The five-year survival rate of stage TV disease is 15-

20%. Therefore, there 13 a need for improved treatments for melanoma.

[8806] All references cited herein, including patent applications, patent publications, and
scientific literature, are herein imcorporated by reference in their entirety, as if each mdividual

reference were specifically and mdividually ndicated to be incorporated by reference.
SUMMARY

18047} Provided herein 1s an isolated anti-CID228 antibody, or antigen-binding fragment
thereof, comprising a heavy chain variable region and a light chain variable region, wheremn the

heavy chain variable region comprises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ ID NGO 1,

(1) a CDR-H2 coroprising the amino acid sequence of SEQ ID NO:2; and

(11} a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amno acid sequence of SEQ 13 NO:4;

(1) a CDR-LZ comprising the aroino acid sequence of SEQ ID NO:5; and

(11y) a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6, wherein at least
one histidime residue 1n a light chain CDR 15 substituted with a different aroino acid. In some
embodiments, the heavy chain variable region comprises an amino acid sequence having at least
95% sequence identity to the amimno acid sequence of SEQ ID NO: 7 and the hight chain vanable
region comprises an amino acid sequence having at least 95% sequence dentity to the amino
acid sequence of SEQ ID NG: 8. In some embodiments, the heavy chain variable region
COMprises:

(1) a CDR-H1 comprising the ammno acid sequence of SEQ ID NG,

[ ]
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(1) a CDR-H2 comprising the anmine acid sequence of SEQ 1D NO:Z; and

(111} a CDR-H3 comprising the amino acid sequence of SEQ ID NOG:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:9;

(1) a CDR-LZ comprising the amino acid sequence of SEQ 1D NO:3; and

(11} a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6. In some
embodiments, the heavy chan variable region comprises the amino acid sequence of SEQ 1D
NO: 7 and the light chain variable region comprises the ammo acid sequence of SEQ 13 NO:21.
In some ernbodiments, the heavy chain variable region comprises:

(1) a CDBR-H1 comprising the amino acid sequence of SEQ ID NG,

{11} a CDR-H2 comprising the amino acid sequence of SEQ 3 NO:2; and

(111} a CDR-H3 comprising the amno acid sequence of SEQ 1D NO:3; and
wherein the hight chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 19,

(11} a CBR-L2 comprising the amino acid sequence of SEQ ID N(O:5; and

(1) a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6. In some
embodiments, the heavy chain varable region comprises the amino acid sequence of SEQ 1D
NG 7 and the light chain variable region comprises the amino acid sequence of SEQ 1D NG:22.
In some embodiments, the heavy chain variable region comprises:

(i) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;

{11} a COR-H2 comprising the amno acid sequence of SEQ 1D NO:2; and

(111} a COR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:11;

(it} a CDR-L2 comprising the amino acid sequence of SEQ ID NO:S; and

(11} a CDR-L3 comprising the aming acid sequence of SEQ ID NGO:6. In some
embodiments, the heavy chain variable region comprises the amino acid sequence of SEQ 1D
NO: 7 and the light chain variable region comprises the amino acid sequence of SEQ 1D N(G:23.
In some embodiments, the heavy chain variable region comprises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;
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(1) a CDR-H2 comprising the anmine acid sequence of SEQ 1D NO:Z; and

(111} a CDR-H3 comprising the amino acid sequence of SEQ ID NOG:3; and
wherein the light chain variable region comprises:

{1} a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:12;

(1) a CDR-LZ comprising the amino acid sequence of SEQ 1D NO:3; and

(11} a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6. In some
embodiments, the heavy chan variable region comprises the amino acid sequence of SEQ 1D
NO: 7 and the light chain variable region comprises the ammo acid sequence of SEQ 113 NO:24.
In some ernbodiments, the heavy chain variable region comprises:

(1) a CDBR-H1 comprising the amino acid sequence of SEQ ID NG,

{11} a CDR-H2 comprising the amino acid sequence of SEQ 3 NO:2; and

(111} a CDR-H3 comprising the amno acid sequence of SEQ 1D NO:3; and
wherein the hight chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:13;

(11} a CBR-L2 comprising the amino acid sequence of SEQ ID N(O:5; and

(1) a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6. In some
embodiments, the heavy chain vanable region comprises the amino acid sequence of SEQ 1D
NG 7 and the light chain variable region comprises the amino acid sequence of SEQ 1D NG:25.
In some embodiments, the heavy chain variable region comprises:

(i) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;

{11} a COR-H2 comprising the amno acid sequence of SEQ 1D NO:2; and

(111} a COR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:14;

(it} a CDR-L2 comprising the amino acid sequence of SEQ ID NO:S; and

(11} a CDR-L3 comprising the aming acid sequence of SEQ ID NGO:6. In some
embodiments, the heavy chain variable region comprises the amino acid sequence of SEQ 1D
NO: 7 and the light chain variable region comprises the amino acid sequence of SEQ 1D NG:26.
In some embodiments, the heavy chain variable region comprises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;
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(1) a CDR-H2 comprising the anmine acid sequence of SEQ 1D NO:Z; and

(111} a CDR-H3 comprising the amino acid sequence of SEQ ID NOG:3; and
wherein the light chain variable region comprises:

{1} a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:15;

(1) a CDR-LZ comprising the amino acid sequence of SEQ 1D NO:3; and

(11} a CDR-L3 comprising the amino acud sequence of SEQ ID NO: 16, Insome
embodiments, the heavy chan variable region comprises the amino acid sequence of SEQ 1D
NO: 7 and the light chain variable region comprises the ammo acid sequence of SEQ 113 NO:27.
In some ernbodiments, the heavy chain variable region comprises:

(1) a CDBR-H1 comprising the amino acid sequence of SEQ ID NG,

{11} a CDR-H2 comprising the amino acid sequence of SEQ 3 NO:2; and

(111} a CDR-H3 comprising the amno acid sequence of SEQ 1D NO:3; and
wherein the hight chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:17,

(11} a CBR-L2 comprising the amino acid sequence of SEQ ID N(O:5; and

(11} a CDR-L3 comprising the amino acid sequence of SEQ ID NO:18. In some
embodiments, the heavy chain varable region comprises the amino acid sequence of SEQ 1D
NG 7 and the light chain variable region comprises the amino acid sequence of SEQ 1D NG:28&
In some embodiments, the heavy chain variable region comprises:

(i) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;

{11} a COR-H2 comprising the amno acid sequence of SEQ 1D NO:2; and

(111} a COR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:19;

(it} a CDR-L2 comprising the amino acid sequence of SEQ ID NO:S; and

(11} a CDR-L3 comprising the amino acid sequence of SEQ ID NO:20. In some
embodiments, the heavy chain variable region comprises the amino acid sequence of SEQ 1D
NO: 7 and the light chain variable region comprises the amino acid sequence of SEQ 1D N(G:29.
In some embodiments, the antibedy or antigen-binding fragment s an antigen-binding fragment.

In some embodiments, the antigen-binding fragment 1s selected from the group consisting of
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Fab, Fab’, F(ab"), Faly’-SH, Fv, diabody, linear antibody, and single~-chain antibody fragment. In
some embodiments, the antibody or antigen-binding fragment is a full-length antibody. In some
embodiments, the heavy chain variable region is fused to a heavy chain constant region and the
fight chain variable region is fused to a light chain constani region. In some embodiments, the
heavy chain constant region is of the Ig(G1 isotype. In some embodiments, the heavy chain
constant region has an amino acid sequence comprising SEQ D NG 30 and the hight chain
constant region has an amino acid sequence comprising SEQ ID NG:32. In some embodiments,
the heavy chain constant region 15 a mutant form of a natural human constant region which has
reduced binding to an Fegamma receptor relative to the natural human constant region. In some
embodiments, the heavy chaiu constant region has an amino acid sequence comprising SEQ ID
NG:31{S239C) and the hight cham constant region has an anuno acid sequence comprising SEQ

1D NO:32.

6008} Also provided herein 1s an antibody-drug conjugate comprising the antibody or
antigen-binding fragment provided herein comjugated to a cytotoxic or cytostatic agent. In some
embodiments, the antibody or antigen-binding fragment is conjugated to the cytotoxic or
cytostatic agent via a linker. In some embodiments, the hinker is a MBpr-PEG(12}-gluc linker. In
some embodiments, the cytotoxic or cytostatic agent 1s a monomethyl auristatin, In some
embodiments, the monomethy! auristatin is monomethyl auristatin E (MMAE). the linker 15

attached to monomethyl guristatin E formung an antibody-drug conjugate having the structure:
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wherein Ab is the antibody or antigen-binding fragment, n is 12, R™® is hydrogen, R?! is CHs,
and p denotes a number from 1 to 16. In some embodiments, the average value of pina

population of the antibody-drug conjugate is about 8.

{6669} Also provided herein is an antibody-drug conjugate comprising an antigen binding
protein or fragment thereof that binds CD228, wherein the antibody-drug conjugate is

represented by the structure:

An \/J< ; o SN on
15 i St LS |
o & o ,L b Sena ISR O /
or a pharmaceutically acceptable salt thereof, wherein: Ab is the antigen binding protein or
fragment thereof and p denotes a number from 1 to 12; subscript nn s a number from 1 to §;
subscript 8’ i1s 0, and A’ is absent; P1, P2, and P3 are each an amino acid, wherein: a first one of
the amino acids P1, P2, or P3 15 negatively charged; a second one of the amino acids P1, P2, or
P3 has an aliphatic side chain with hydrophobicity no greater than that of leucine; and a third one

of the amine acids P1, P2, or P3 has hydrophobicity lower than that of leucine, wherein the furst
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one of the amino acids P1, P2, or P3 corresponds to any one of P1, P2, or P3, the second one of
the amino acids P1, P2, or P3 corresponds to one of the two remaining amino acids P1, P2, or P3,
and the third one of the amino acids P1, P2, or P3 corresponds to the last remaining amino acids
P1, P2, or P3, provided that -P3-P2-P1- is not -Glu-Val-Cit- or ~Asp-Val-Cit-. In some
embodiments, subscript nn is 2. In some embodiments, the P3 amino acid of the tripeptide 15 in
the D-ammo acid configuration; one of the P2 and P1 amino acids has an aliphatic side chain
with hydrophobicity lower than that of leucine; and the other of the P2 and P1 amuno acuds is
negatively charged. In some embodiments, the P3 amino acid 1s D-Leu or D-Ala. Insome
embodiments, the P3 amino acid 1s D-Leu or B-Alg, the P2 anino acid 15 Ala, Glu, or Asp, and
the P1 amimo acid 1s Ala, Glu, or Asp. In some embodiments, -P3-P2-P1- 15 -B-Leu-Ala-Asp-, -
D-Leu-Ala-Glu-, -D-Ala-Ala~Asp-, or -D-Ala-Ala-Glu-. In some embodiments, ~-P3-P2-P1- 15 -
D-Leu-Ala-Glu-.

6010} Also provided herein 15 an antibody-drug conjugate, wherein the antibody-drug

conjugate is represented by the structure:
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or a pharmaceutically acceptable salt thereof, wherein Ab is the antigen binding protein or

fragment thereof and p denotes a number from | to 12

[8811] Also provided herein 18 a nucleic actd encoding the heavy chain variable region
and/or the fight chain vanable region of an auntibody described herein. Also provided herein s a
vector comprising a nucleic acid provided herein. In some embodiments, the vector 1s an
expression vector. Also provided herein 1s a host cell comprising a nucleic acid provided herein.

In some erobodiments, the host cell 1 a Chinese hamster ovary {CHO) cell.

6012 Also provided heretn is a method of producing an anti-CI3228 antibody or antigen-
1 1 o ) O

binding fragment provided herewn, comprising culturing a host cell provided herein under a
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condition suitable for production of the anti- CD228 antibody or antigen-binding fragment

thereof.

10013} Also provided herein is a method of producing an anti- CD228 antibody-drug
conjugate provided herein, comprising culturing a host cell provided herein under a condition
suitable for production of an anti-CD228 antibody; isolating the anti-CID228 antibody produced

from the host cell; and conjugating the anti-CD228 antibody to a cytotoxic or cytostatic agent.

0014} Also provided herein is a method of treating cancer in a subject, the method
comprising administering to the subject an antibody or antigen-binding fragment provided herein
or an antibody-~drug conjugate provided herein. In some embodiments, the subject has been
previously treated with one or more therapeutic agents and did not respond to the treatment,
wherein the one or more therapeutic agents is not the antibody, antigen-binding fragment, or
antibody-drug conjugate. In some embodiments, the subject has been previously treated with one
or more therapeutic agents and relapsed after the treatment, wherein the one or more therapeutic
agents is not the antibody, antigen-binding fragment, or antibody-drug conjugate. In some
ernbodiments, the subject has been previously treated with one or more therapeutic agents and
has experienced disease progression during treatment, wherein the one or more therapeutic
agents 15 not the antibody, antigen-binding fragment, or antibody-drug conjugate. In some
embodiments, the cancer is an advanced stage cancer. In some embodiments, the advanced stage
cancer 1s a stage 3 or stage 4 cancer. In some embodiuments, the advanced stage cancer 1s
metastatic cancer. In some embodiments, the cancer 1s recurrent cancer. In some embodiments,
the cancer 1s unresectable. In some embodiments, the subject recetved prior treatment with
standard of care therapy for the cancer and failed the prior treatment. In some embodiments, the
cancer 1s selected from the group consisting of melanoma, pancreatic cancer, mesothelioma,
colorectal cancer, hung cancer, thyroid cancer, breast cancer, choliangiocarcinoma, esophageal
cancer and head and neck cancer. In some embodiments, the cancer is melanoma. In some
embodiments, the melanoma 1s cutaneous melanoma. In some embodiments, the cutanecus
melanoma is selected from the group consisting of superficial spreading melanoma, nodular
melanoma, acral lentiginous melanoma, lentigo maligna melanoma, and desmoplastic melanoma.
In some embodiments, the acral lentiginous melanoma is subungual melanoma. In some

embodiments, the subject received prior therapy with an inhibitor of PD-1 or PD-L1. In some

9
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embodiments, the subject received prior therapy with an inhibitor of PD-1. In some
embodiments, the melanoma 1s sub-cutaneous melanoma. In some embodiments, the sub-
cutaneous melanoma is ocular melanoma or mucosal melanoma. In some embodiments, the
melanoma is non-cutaneous melanoma. In some embodiments, the cancer is mesothelioma. In
some embodiments, the mesothelioma s selected from the group consisting of pleural
mesothelioma, perttoneal mesothelioma, pericardial mesotheliora, and testicular mesothelioma.
In some erobodiments, the mesothelioma s pleural mesothelioma. o some embodiments, the
subject has received prior therapy with a platinum-based therapy. In some embodiments, the
platinum-based therapy 13 cisplatin. In some embodiments, the subject received prior therapy
with pemetrexed. 1o some embodiments, the lung cancer 1s non-small cell lung cancer. In some
ernbodiments, the non-small cell lung cancer has a mutant form of epidermal growth factor
receptor (EGFR). In some embodiments, the non~-small cell tung cancer has wild-type EGFR. In
some embodiments, the subject has received prior therapy with a platinum-based therapy. In
some embodiments, the subject recetved prior therapy with an mhibitor of PD-1 or PD-L1. In
some embodiments, the subject received prior therapy with an inhibitor of PD-1. In some
embodiments, the breast cancer is selected from the group consisting of HER2 positive, HER2
negative, Estrogen Receptor {ER) positive, ER negative, Progesterone Receptor (PR} positive,
PR negative, and triple negative breast cancer. In some embodiments, the breast cancer is HER2
negative breast cancer. In some embodiments, the subject received one or more prior line of
therapy for the HERZ negative breast cancer. In some embodiments, the one or more prior fine of
therapy comprised treatment with 3 taxane. In some embodiments, the subject is hormone
receptor positive. In some embodiments, the subject received prior therapy with an inhibitor of
CDK4/6. In some embodiments, the subject received prior therapy with a hormonally-directed
therapy. In some embodiments, the colorectal cancer 1s selected from the group consisting of a
colorectal adenocarcinoma, a gastrointestinal stromal tumor, a primary colorectal lymphoma, a
gastroiniestinal carcinoid tumor, and a leiomyosarcoma. In some embodiments, the subject
received two or more prior lines of therapy for the colorectal cancer. In some embodiments, the
pancreatic Cancer is an exocring cancer or a neuroendocrine cancer. In some embodiments, the
exocrine cancer is selected from the group consisting of pancreatic adenocarcinoma, acinar cell

carcinoma, cystadenocarcinoma, pancreatoblastoma, adenosquamous carcinoma, signet ring

10
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carcinoma, hepatoid carcinoma, colloid carcinoma, undifferentiated carcinoma, and pancreatic
mucinous cystic neoplasm. In some embodiments, the pancreatic adenocarcinoma is pancreatic
ductal adenocarcinoma. In some embodiments, the subject received one or more prior line of
therapy for the pancreaiic cancer. In some embodiments, the antibody or antigen-binding
fragment or anttbody-drug conjugate 15 in a pharmaceutical composition comprising the antibody
or antigen-binding fragment or antibody-drug conjugate and a pharmaceutically acceptable
carrter. In some embodiments, the subject 1s a human,

[8915] Also provided herein is a kit comprising: (a) an antibody or antigen-binding fragment
provided herein or an antibody-drug conjugate provided herein; and (b) nstructions for using the
antibody or antigen-binding fragment or antibody-~drug conjugate according to a method
provided herein,

8016] Also provided herein is a pharmaceutical composition comprising an antibody or
antigen-binding fragment provided herein or an antibody-drug conjugate provided herein and
one or more agents selected from the group consisting of a physiologically acceptable carrier, a

diluent, an excipient and an awxiliary.

BRIEF DESCRIPTION OF THE DRAWINGS
[6017] FIG 1A-11 shows binding of various anti-CD228 antibodies to CD228 at pH values
ranging from 45510 7.4,

[0018§] FIG. 2 shows the percent of viable cells in A2058 cell Hines treated with different
concentrations of various anti-CID3228 antibody-drug conjugates.

(6019} FIG 3A-3F shows the internalization of hLL49, hL49 34Ala, and h1.49 34Tvyr over
tume 1o bind and wash conditions (FIG 3A-3C) and continuous exposure conditions (FIG. 3D-
3F).

0926} FIG. 4A-~4C shows the binding kinetics as deterroined by Octet for hLA9 (FIG. 44),
hL.49 34Ala (FIG. 4B), and HL49 34Tyt (FIG. 4C).

8921} FIG. SA-5D shows the 1o vive activity of ani-CD228 antibody ADCs 10 A2058 (FIG.
5A and 5C) and A37S (FIG. 5B and 5D) xenograft moodels.  hL49-mDpr-AT(8), hL49-H34A-~

11
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mDpr-AT(8), and hE49-H34Y-mDpr-AT(8) are shown in FIG. 5A and 5B, hL49-mDpr-
PEG{12)-gluc-MMAE(8), hi.49-H34A-mDpr- PEG(12)-gluc-MMAE(8}, and h1L.49-H34Y-
mbpr- PEG(12)-gluc-MMAE(R) are shown 1in FIG. 5C and 5D,

DETAILED DESCRIPTION
i Definitions

{06022} In order that the present disclosure can be more readily understood, certain terms are
first defined. As used 0 this application, except as otherwise expressly provided herein, each of
the following terms shall have the meaning set forth below. Additional definitions are set forth

throughout the application.

{8023} The term "and/or" where used herein is o be taken as specific disclosure of each of
the two specified features or components with or without the other. Thus, the term "and/or” as
used in a phrase such as "A and/or B herein is intended to include "A and B," "A or B,* "A"
{alone}, and "B" (alone}. Likewise, the term "and/or" as used in a phrase such as "A, B, and/or
" 15 intended to encompass each of the following aspects: A, B, and C; A, B, or C; Aor C, A or

B:Bor(C; Aand C; A and B; B and C; A (alone); B {alone}; and C {(alone).

{6024} It 15 understood that aspects and embodiments of the invention described herein

s

melude “comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.

[0025] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure is
related. For example, the Concise Dictionary of Biomedicine and Molecular Bislogy, Juo, Pet-
Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed., 1999,
Academic Press; and the Oxford Dictionary Of Biochemistry And Molecular Biology, Revised,
2000, Oxford Uruversity Press, provide one of skill with a general dictionary of many of the
terms used in this disclosure,

18026} Units, prefixes, and symbols are denoted in their Systéme International de Unites (SI)
accepted form. Numeric ranges are inclusive of the numbers defining the range. The headings

provided herein are not limutations of the various aspects of the disclosure, which can be had by



WO 2022/031652 PCT/US2021/044273

reference to the specification as a whole. Accordingly, the terms defined immediately below are

more fully defined by reference to the specification in its entirety.

{0027} The terms “CD228” “p97.” “melanotransferrin,” “MELTF” and “MF12” are used
mterchangeably herein, and, unless specified otherwise, include any variants, isoforms and
species homologs of human CD228 which are generally expressed by cells or expressed on cells

transfected with the CD228 gene.

[0028] The term "mmmunoglobulin” refers to a class of structurally related glycoproteins
consisting of two pairs of polypeptide chains, one pair of light (L} low molecular weight chains
and one pair of heavy (H) chains, all four inter-connected by disulfide bonds. The structure of
mmunoglobuling has been well characterized. See for imstance Fundamental Immunology Ch. 7
{Paul, W, ed., 2nd ed. Raven Press, N.Y. {1989}). Briefly, each heavy chawn typically s
comprised of a heavy chain variable region (abbreviated herein as Vi or VH) and a heavy chain
constant region {(Cu or CH). The heavy chain constant region typically 1s comprised of three
domains, Cul, Cu2, and Cr3. The heavy chains are generally inter-connected via disulfide bonds
in the so-called “hinge region.” Each hght chain typically is comprised of a light chan variable
region {abbreviated herein as VL or VL) and a light chain constant region {CL or CL). The hight
chain constant region typically 18 comprised of one domain, Co. The CL can be of w {kappa} or &
{lambda} 1sotype. The terms “constant domain” and “constant region” are used interchangeably
herein.  An mmmunoglobulin can derive from any of the commonly known 1sotypes, including
but not limited to IgA, secretory IgA, IgG, and IgM. 1gG subclasses are also well known to those
m the art and mclude but are not limited to human IgGl, [gG2, 15G3 and 1gG4. "lsotype” refers
to the antibody class or subclass (e.g., IgM or Ig(G1) that 15 encoded by the heavy chain constant

region genes.

0929} The term “variable region” or “variable domain” refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable regions of
the heavy chain and light chain (Vi and Vi, respectively) of a native antibody may be further
subdivided into regions of hypervariability (or hypervariable regions, which may be
hypervariable in sequence and/or form of structurally defined loops), also termed
complementarity-determining regions {CDRs), interspersed with regions that are more

conserved, termed framework regions (FRs). The terms “complementarity determining regions”

[
e
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and “CDRs,” synonymous with “hypervariable regions” or “HVRs” are known 1n the art to refer
to non-contiguous sequences of amino acids within antihody variable regions, which confer
antigen specificity and/or binding affinity. In general, there are three CDRs in each heavy chain
variable region {CDR-H1, CDR-HZ, CDR-H3) and three CDRs in each light chain variable
region ({CDR-L1, CDR-L2, CDR-L3). “Framework regions” and “FR” are known in the art to
refer to the non-CDR portions of the variable regions of the heavy and light chains. In general,
there are four FRs 10 each full-length heavy chain variable region (FR-HI, FR-H2, FR-H3, and
FR-H4), and four FRs in each full-length light chain varable region (FR-L1, FR-L2, FR-L3, and
FR-L4) Within each Vi and Vi three CDRs and four FRs are typically arranged from amino-
terminus to carboxy-terminus i the following order: FR1, CDRI, FR2, CDR2, FR3, CDR3, FR4
{See also Chothia and Lesk J. Mot Bioi, 195, 901-917 (1987)).

{6036} The term “antibody” {Ab) 1o the context of the present imveuntion refers to an
momunocglobulin molecule, a fragment of an immunoglobulin molecule, or a derivative of etther
thereof, which has the ability to specifically bind to an antigen under typical physiological
conditions with a half-life of significant periods of time, such as at least about 30 min, at least
about 45 min, at feast about one hour (h), at least about two hours, at least about four hours, at
ieast about eight howrs, at least about 12 hours (h), about 24 hours or more, about 48 hours or
more, about three, four, five, six, seven or more days, ete., or any other relevant functionally-
defined period (such as & time sufficient to induce, promote, enhance, and/or modulate a
physiological response associated with antibody binding to the antigen and/or time sufficient for
the antibody to recruit an effector activity). The variable regions of the heavy and light chains of
the immunoglobulin molecule contain a binding domain that mteracts with an antigen. The
constant regions of the antibodies (Abs) may mediate the binding of the immunoglobulin to host
tissues or factors, including varicus cells of the immune system (such as effector cells) and
components of the complement system such as Clq, the first component in the classical pathway
of complement activation. An antibody may also be a bispecific antibody, diabody, multispecific

antthody or similar molecule.

{0031} The term "monoctonal antibody" as used herein refers to a preparation of antibody
molecules that are recombmantly produced with a single primary amino acid sequence. A

monocional antibody composition displays a single binding specificity and affinity for a

14
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particular epitope. Accordingly, the term "human monoclonal antibody" refers to antibodies
displaying a single binding specificity which have variable and constant regions derived from
human germline immunoglobulin sequences. The human monoclonal antibodies may be
generated by a hybridoma which includes a B cell obtained from a transgenic or
transchromosomal non-human animal, such as a fransgenic mouse, having a genome comprising

a human heavy chamn transgene and a light chain transgene, fused to an immortalized cell.

08032} An "igolated antibody" refers to an antibody that is substantially free of other
antibodies having different antigenic specificities {e.g., an 1solated antibody that binds
specifically to CD228 1s substantially free of antibodies that bind specifically to antigens other
than CD228). Au isolated antibody that binds specifically to CID228 can, however, have cross-
reactivity to other antigens, such as CD228 molecules from different species. Moreover, an
isolated antibody can be substantially free of other cellular material and/or chemicals. In one
embodiment, an isolated antibody includes an antibody conjugate attached to another agent {e.g.,
small molecule drug). In some embodiments, an 1solated anti- CD228 antibody includes a

conjugate of an anti- CD228 antibody with a small molecule drug {e.g., MMAE or MMAF}.

8933} A Thuman antibody" (HuMAD) refers to an antibody having variable regions i which
both the FRs and UDRs are derived from human germhbine mmunoglobulin sequences.
Furthermore, 1f the antibody contains a constant region, the consiant region also 15 derived from
human germline immunoglobulin sequences. The human antibodies of the disclosure can include
amino acid residues not encoded by human germline mumunoglobulin sequences {e.g., mutations
itroduced by random or site~specific mutagenesis 7z vitro or by somatic mutation iz vivo).
However, the term "human anfibody,” as used heremn, 15 not intended to include antibodies in
which CDR sequences derived from the germline of another mammalian species, such as a
mouse, have been grafted onto human framework sequences. The terms "human antibodies" and

*fully human antibodies” and are used synonymously.

{0034} The term “humanized antibody” as used herein, refers to a genetically engineered
non-human antibody, which contains human antibody constant domains and non-human variable
domains modified to contain a high level of sequence homology to human variable domains.
This can be achieved by grafting of the six non-human antibody complementarity-determining

regions (CDRs), which together form the antigen binding site, onto a homologous human
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acceptor framework region (FR) (see W(O92/22653 and EP0629240). In order to fully
reconstitute the binding affuuty and specificity of the parental antibody, the substitution of
framework residues from the parental antibody (7.e. the non-human antibody) into the human
framework regions (back-mutations) may be required. Structural homology modeling may help
to wdentify the aming acid residues in the framework regions that are important for the binding
properties of the antibody. Thus, a humanized antibody may comprise noon-human CDR
sequences, primarily human frarsework regions optionally comprising one or more amino acid
back-mutations to the non-human amino acid sequence, and fully human constant regions.
Optionally, additional amino acid modifications, which are not necessarily back-mutations, may
be apphed to obtam a humanized antibody with preferred characteristics, such as affinity and

biochemical properties.

[8035] The term “chimeric antibody” as used herein, refers to an antibody wherein the
variable region 15 derived from a non-human species {e.g. derived from rodents) and the constant
region is derived from a different species, such as human, Chimeric antibodies may be generated
by antibody engineering. “Antibody engineering” 1§ a term used generi¢ for different kinds of
modifications of anttbodies, and which is a well-known process for the skilied person. In
particular, 8 chimeric antibody may be generated by using standard DNA techniques as descrnibed
i Sambrook ef @f., 1989, Molecular Cloning: A laboratory Manual, New York: Cold Spring
Harbor Laboratory Press, Ch. 15. Thus, the chimeric antibody may be a genetically or an
enzymatically engineered recombinant antibody. It 1s within the knowledge of the skilled person

to generate a chimeric antibody, and thus, generation of the chimeric antibody according to the

> &
present invention may be performed by other methods than described herein. Chimeric
monoclonal antibodies for therapeutic applications are developed to reduce antibody
immunogenicity. They may typically contain non-human {e.g. murine} variable regions, which
are specific for the antigen of mterest, and human constant antibody heavy and light chain
domains. The terms “variable region” or “variable domains” as used in the context of chimeric

antthodies, refers to a region which comprises the CDRs and framework regions of both the

heavy and light chains of the immunoglobulin,

{06036} An "anti-antigen antibody” refers to an antibody that binds to the antigen. For

example, an anti-CD228 antibody is an antibody that binds to the antigen CDZ28.
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18037} An "antigen-binding portion” or antigen-binding fragment” of an antibody refers to
one or more fragments of an antibody that retain the ability to bind specifically to the antigen
bound by the whole antibody. Examples of antibody fragments {(e.g., antigen-binding fragment)
mchude but are not limited to Fv, Fab, Fab', Fab’-SH, F(ab'); diabodies; linear antibodies; single-
chain antibody molecules {e.g. scFv); and multispecific antibodies formed from antibody
fragments. Papain digestion of antibodies produces two identical antigen-binding fragments,
called “Fab” fragmeuts, each with a single antigen-binding site, and a residual “F¢” fragment,
whose name reflects its ability to crvstallize readily. Pepsin treatment yields an Fab™ )z fragment

that has two antigen-combining sites and 1s still capable of cross-linking antigen.

[8938] “Percent (%) sequence 1dentity” with respect to a reference polypeptide sequence 5
defined as the percentage of amino acid residues n a candidate sequence that are identical with
the amuno acid residues i the reference polypeptide sequence, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence wdentity, and not
considering any conservative substitutions as part of the sequence identity. Alignment for
purposes of determining percent amino acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance, using publicly available computer software such
as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR]) software. Those skilled 1n the art can
determine appropriate parameters for aligning sequences, mchiding any algorithms needed to
achieve maximal alignment over the full length of the sequences being compared. For example,
the % sequence dentity of a given amino acid sequence A to, with, or against a given amino acid
sequence B (which can alternatively be phrased as a given amino acid sequence A that has or
comprises a certain % sequence identity to, with, or aganst a given amino acid sequence B} is

calculated as follows:

100 times the fraction X/Y
where X is the number of amino acid residues scored as identical matches by the sequence in that
program's alignment of A and B, and where Y is the total number of anuno acid residues n B. It
will be appreciated that where the length of amino acid sequence A is not equal to the length of
amino acid sequence B, the % sequence identity of A to B will not equal the % sequence identity

of Bto A,
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0039} As used herein, the terms “binding”, "binds" or "specifically binds" in the context of
the binding of an antibody to0 a pre-determined antigen typically is a binding with an affinity
corresponding to a Kp of about 10 M or less, e.g. 107 M or less, such as about 10° M or less,
such as about 107 M or less, about 107 M or less, or about 10! M or even less when
deternined by for instance BioLayer Interferometry (BLI) technology in a Octet HTX instrument
using the antibody as the ligand and the antigen as the analvte, and wherein the antibody binds to
the predeternuned antigen with an affinity corresponding to a Ko that 15 at least ten-fold lower,
such as at least 100-fold lower, for instance at least §,000-fold lower, such as at least 106,000-fold
lower, for instance at least 100,000-fold fower than its Kp of binding to a non-~specific antigen
{e.g., BSA, casein) other than the predetermuned antigen or a closely related antigen. The amount
with which the Ko of binding 15 lower 15 dependent on the Ko of the antibody, so that when the
Ko of the antibody is very low, then the amount with which the Ko of binding to the antigen is
iower than the Kp of binding {0 a non-specific antigen may be at least 10,000-fold {(that is, the

anttbody is highly specific}.

[0040] The term "Ko" (M), as used herein, refers to the dissociation equilibrium constant of a
particular antibody-antigen mteraction, Affinity, as used heren, and Ko are inversely related,
that 1s that higher affinity ts intended to refer to lower Kb, and lower affinity is intended to refer
to higher Kb,

8041} The term "ADC” refers to an antibody-drug conjugate, which in the context of the
present invention refers to an anti-CD228 antibody, which 1s coupled to a drug motety {e.g,
MMAE or MMAF) as described in the present application.

{8942} The abbreviations "ve" and "val-cit" refer to the dipeptide valine-ciiralime.

{6043} The abbreviation "PAB" refers to the selfsimmolative spacer:

18
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0044} The abbreviation "MC"® refers to the stretcher maleinudocaproyl:
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[6045] The abbreviation "MP" refers to the stretcher maleimidopropionyh:

{6046] A "cancer" refers to a broad group of various diseases characterized by the
unconirolled growth of abnormal cells in the body. A "cancer” or "cancer tissue” can include a
tumor. Unregulated cell division and growth resulis in the formation of malignant tumors that
imvade neighboring tissues and can also metastasize to distant parts of the body through the
iymphatic system or bloodstream. Following metastasis, the distal tumors can be said to be

"derived from" the pre-metastasis tumor.
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such as mice, rats, and guinea pigs. In some embodiments, the subject is a human. The terms

"subject” and "patient” and “individual” are used interchangeably herein.

10053] An “effective amount” or "therapeutically effective amount” or "therapeutically
effective dosage” of a drug or therapeutic agent is any amount of the drug that, when used alone
or in combination with another therapeutic agent, protects a subject against the onset of a disease
or promotes disease regression evidenced by a decrease in severity of disease symptoms, an
ncrease in frequency and duration of disease symptom-free periods, or a prevention of
mpairment or disability due to the disease affliction. The ability of a therapeutic agent to
promote disease regression can be evaluated using a variety of methods known to the skilled
practitioner, such as in human subjects during clinical trials, in amimal model systems predictive

of efficacy in humans, or by assaying the activity of the agent i in vifro assays.

[8054] By way of example for the treatment of tumors, a therapeutically effective amount of
an anti-cancer agent inhibits cell growth or tumor growth by at least about 10%, by at least about
20%, by at least about 30%, by at least about 40%, by at least about S0%, by at least about 60%,
by at least about 70%, or by at least about 80%, by at least about 90%, by at least about 95%, by
at least about 96%, by at least about 97%, by at least about 98%, or by at least about 99% mm a
ireated subject{s} {e.g., one or more {reated subjects) relative to an untreated subjeci(s) (e.g., one
or more unireated subjects). In some embodiments, a therapeutically effective amount of an anti-
cancer agent inhibits cell growth or tumor growth by 100% 1n a treated subject(s} {e.g., one or

more treated subjects) relative to an unireated subject{s} {e.g., one or more untreated subjects).

D9
{8035} In other embodiments of the disclosure, tumor regression can be observed and
continue for a period of at least about 20 days, at least about 30 days, at least about 40 days, at

least about 5O days, or at least about 60 days.

{8056} A therapeutically effective amount of a drug {e.g., anti-CD228 antibody or antigen-
binding fragment thereof or anti-CD228 antibody~-drug conjugate} mcludes a "prophylactically
effective amount," which 1s any amount of the drug that, when administered alone or in
combination with an anti-cancer agent to a subject at risk of developing a cancer {e.g., a subject
having a pre-malignant condition) or of suffering a recurrence of cancer, inhubits the

development or recurrence of the cancer. In some embodiments, the prophylactically effective
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amount prevents the development or recurrence of the cancer entirely. "Inhibiting” the
development or recurrence of a cancer means either lessening the likelihood of the cancer’s

development or recurrence, or preventing the development or recurrence of the cancer entirely.

{8057} As used herein, "subtherapeutic dose" means a dose of a therapeutic compound {e.g.,
an anti-CD228 antibody or antigen-binding fragment thereof or anti-CD228 antibody-drug
conjugate) that is lower than the usual or typical dose of the therapeutic compound when

administered alone for the treatment of a hyperproliferative disease {(e.g., cancer).

{0058} An "immune-related response pattern” refers to a clinical response pattern often
observed in cancer patients treated with immunotherapeutic agents that produce antitumor effects
by inducing cancer-specific tmuaune responses or by modifyving native immune processes. This
response pattern s characterized by a beneficial therapeutic effect that follows an initial increase
m tumor burden or the appearance of new lesions, which in the evaluation of traditional
chemotherapeutic agents would be classified as disease progression and would be synonymous
with drug fadure. Accordingly, proper evaluation of immunotherapeutic agents can require long-

term monitoring of the effects of these agents on the target disease.

[0059] By way of example, an "anti-cancer agent” promotes cancer regression in a subject. In
some embodiments, a therapeutically effective amount of the drug promotes cancer regression to
the point of eliminating the cancer. "Promoting cancer regression” means that administering an
effective amount of the drug, alone or in combination with an anti-cancer agent, results na
reduction m tumor growth or size, necrosis of the tumor, a decrease in severtty of at least one
disease symptom, an increase m frequency and duration of disease symptom-free pertods, or a
prevention of impairment or disability due to the disease affliction. In addition, the terms
"effective” and "effectiveness” with regard to a treatment includes both pharmacological
effectiveness and physiological safety. Pharmacological effectiveness refers to the ability of the
drug to promote cancer regression in the patient. Physiological safety refers to the level of
toxicity or other adverse physislogical effects at the cellular, organ and/or organism level

{adverse effects) resulting from admunisiration of the drug.

| 0068} "Sustained response” refers to the sustained effect on reducing tumor growth after

cessation of a treatment. For example, the tumor size may remain to be the same or smaller as
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v other courtter 1on.

8967} " Administering” or “administration” refer to the physical introduction of a therapeutic
agent 1o a subject, using any of the various methods and delivery systems known to those skilled
m the art. Exemplary routes of administration for the anti-CD228 antibody-drug conjugate
melude intravenous, tramuscular, subcutaneous, ingraperitoneal, spinal or other parenteral
routes of administration, for example by iyection or mfusion (e.g., intravenous nfusion). The
phrase "parenteral administration” as used herein means modes of administration other than
enteral and topical administration, usually by injection, and includes, without limutation,
mtravenous, intramuscular, intraarterial, intrathecal, intralyrophatic, intralesional, mtracapsular,
miraorbital, intracardiac, miradermal, infraperitoneal, transtracheal, subcutansous, subeuticular,
miraarticelar, subcapsular, subarachnoid, intraspmal, epidural and mirasternal mjection and
mfusion, as well as in vivo electroporation. A therapeutic agent ¢an be administered via a non-
parenteral route, or orally. Other non-parenteral routes mclude a topical, epidermal or mucosal
route of administration, for example, intranasally, vaginally, rectally, sublingually or topically.
Administration can also be performed, for example, once, a plerality of times, and/or over one or

more extended perigds.

{6068} The terms "baseline” or "baseline value” used interchangeably herein canrefertoa
measurement or characterization of a sympiom before the administration of the therapy {e.g., an
anti-CD228 antibody-drug conjugate as described heremn) or at the beginning of administration of
the therapy. The baseline value can be compared to a reference value in order to determine the
reduction or improvement of a symptom of a CD228-associated disease contemplated herein
{e.g., cancer). The terms "reference” or "reference value” used interchangeably herein can refer
to a measurement or characterization of a symptom after adminustration of the therapy (e.g, an

anti-CD2Z8 antibody-drug conjugate as described). The reference value can be measured one or
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more times during a dosage regimen or treatment cvele or at the completion of the dosage
regimen or treatment cycle. A "reference value” can be an absolute value; a relative value; a
value that has an upper and/or lower limit; a range of values; an average value; a median value: a

mean value; or a value as compared to a baseline value.

10069} Similarly, a "baseline value"” can be an absolute value; a relative value; a value that
has an upper and/or lower limit; a range of values; an average value; a median value; a mean
value; or a value as compared to a reference value. The reference value and/or baseline value can
be obtained from one idividual, from two different individuals or from a group of mdividuals

{e.g., a group of two, three, four, five or more individuals).

{8076} The term “monotherapy” as used herein means that the anti-CD228 antibody or
antigen-binding fragment thereof or anti-CD228 antibody-drug conjugate 15 the only anti-cancer
agent admunistered to the subject during the treatment cycle. Other therapeutic agents, however,
can be administered to the subject. For example, anti-inflamumatory agents or other agents
admirustered to a subject with cancer to treat symptoms associated with cancer, but not the
underlying cancer uself, including, for exarmple wflammation, pain, weight loss, and general

malaise, can be adnumistered during the period of monotherapy.

{8071} An "adverse eveot” {AE) as used herein 1s any unfavorable and generally unintended
or undesirable sign (including an abnormal laboratory finding), symptom, or disease associated
with the use of a medical treatment. A medical ireatment can have one or more associated AHs
and each AE can have the same or different level of severity. Reference to methods capable of
"altering adverse events” means g treatment regime that decreases the incidence and/or severity
of one or more AEs assoctated with the use of a different treatment regime.

{8072} A “serious adverse event” or “SAE” as used herein 1s an adverse event that meets one

of the following criteria:

s s fatal or life-threatening {as used in the definition of a sericus adverse event, “life-
threatening” refers to an event in which the patient was at risk of death at the time of the event;
it does not refer to an event which hypothetically might have caused death if it was more severe.

& Results in persistent or significant disability/incapacity

s (onstitutes a congenital anomaly/birth defect

2
h
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e Is medically significant, i.e., defined as an event that jeopardizes the patient or may require
medical or surgical intervention to prevent one of the cutcomes listed above. Medical and
scientific judgroent must be exercised in deciding whether an AE 13 “medically significant”

e Requires inpatient hospitalization or prolongation of existing hospitahization, excluding the
following: 1) routing treatment or monitoring of the underlying disease, not associated with
any deterioration in condition; 2} elective or pre-planned treatment for a pre-existing condition
that 1s unrelated to the indication under study and has not worsened since signing the mformed
consent; and 3} social reasons and respite care in the absence of any deterioration in the
patient’s general condition.

{0973} The use of the alternative (e.g., "or") should be understood to mean either one, both,

or any combination thereof of the alternatives. As used herein, the mdefinite articles "a" or "an”

should be understood to refer to "one or more” of any recited or enumerated component.

8074} The terms "about” or "comprising essentially of” refer to a value or composition that
is within an acceptable error range for the particular value or composttion as determined by one
of ordinary skill in the art, which will depend in part on how the value or composition is
measured or determined, 7 e., the limitations of the measurement system. For example, "about” or
"comprising essentially of can mean within 1 or more than 1 standard deviation per the practice
in the art. Alternatively, "about” or "comprising essentially of can mean a range of up to 20%.
Furthermore, particularly with respect o biological systems or processes, the terms can mean up
to an order of magnitude or up to 5-fold of a value. When particular values or compositions are
provided 1o the application and claims, unless otherwise stated, the meaning of "about” or
"comprising essentially of" should be assumed to be within an acceptable error range for that

particular value or composition.

{0075} Reference to “about” a value or parameter herein includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description

referring to “about X7 encompasses and describes “X.”

{0076} As described herein, any conceniration range, percentage range, ratio range, of

integer range is to be understood to include the value of any integer within the recited range and,
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when appropriate, fractions thereof (such as one tenth and one hundredth of an integer), unless

otherwise indicated.

18077} Vartous aspects of the disclosure are described in further detail in the following

subsections.
. General

{6678} . CD228 has been

shown to be expressed in a variety of cancers, including melanoma, thyroid cancer, lung cancer,
fiver cancer, pancreatic cancer, head and neck cancer, stomach cancer, colorectal cancer,

urothelial cancer, breast cancer and cervical cancer.
{if.  Target Molecules

8079} Unless otherwise indicated, CD228 refers to human CD228. An exemplary human

protein sequence is assigned UniProt 1D NO. POR582,
V.  Antibodies of the Invention

{0086 The invention provides antibodies, such as humanized antibedies, derived from the
humanized antibedy hL.49. hL.49 15 derived from the mouse antibody L.49. 149 15 a murine
mmunoglobulin G1 (IgG1) monoclonal antibody against CDZ228, which was derived from
BALB/c mice immunized with fung carcinoma and melanoma cell lines (Siemers et al, 1997,
Bioconiug. Chem. 8:510-9). The antibody hL.49, which s also referred to as hL49 HALC, is
described i BOT/USZO20/016381 and U8, Patent Application No. 16/780,711, which are
meorporated heremn by reference wn their entirety. The tovention provides antibodies in which one
or more histidine residue in a hght chain CDR of KL4% has been substituted with a different
aming acid, In some embodiments, one istidine residue in g light cham CDR of hLA9 has been
substitted with a different aromo acid. In some embodiments, two histidine residues i a hight
chain CDR of hL4% have been substituted with different ammo acids. In some embodiments, all
three hustidine restdues m the hight chain CDRs of hLA49 have been substituted with different
aming acids. In some embodunents, the mvention provides antibodies with inproved properties
compared to hL49. In some embodiments, the mvention provides antibodies that bind 1o CD228

with stronger affinity compared to BL42 o some embodiments, the mvention provides

£
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anttbodies that have higher cytotoxienty compared to hlL49. to some embodiments, the imvention
provides anttbodies that have a faster on-rate of binding comparad to hL49 I soms
erbodiments, the invention provides antibodies that have a faster off-rate of binding compared
to hi49 In some embodiments, the invention provides antibodies that have a slower on-rate of
binding compared to hL49. In some embodiments, the mvention provides antibodies that have a
slower off-rate of binding compared 1o hLA4S 1o some embodiments, the invention provides
andtbodies that are interoalized by cells faster than hL49. In some embodiroents, the nwvention
provides antibodies that are internabized by cells to a greater exrent than kA4S
{0081} The antibody hL.49 comprises heavy chain CDR sequences comprising the following:
ay CDR-H1: SGYWN (SEQ ID NO:1),
b} CDR-HZ: YISDSGITYYNPSLKS (SEQ 1D NO:2); and
¢y CDR-H3: RTLATYYAMDY (SEQ ID NO:3).
{0082} The antibody hL.49 comprises light chain CDR sequences comprising the following:
ay CDR-L1T: RASQSLVHSDGNTYLH (SEQ ID NO:4);
b} CDR-L2: RVSNRFS (SEQ D NO:3); and

c) CDR-L3: SQSTHVPPT (SEQ 1D NOG:6).

10083] The antibody hL.49 comprises a heavy chain variable region sequence of
OVOLOESGPGLVKPSETLSLTCTVSGDSITSGY WNWIROPPGKGLEYIGYISDSGITY Y NP
SLKSRVTISRDTSKNQYSLKLSSVTAADTAVYYCARRTLATYYAMDYWGGGTLVTVSS
{SEQ ID NO:7) and a light chain variable region sequence of
DFVMTOSPLSLPVTLGOPASISCRASOSLYVHSDGNTYLHWYQQRPGQSPRLLIYRVSNRF
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTHVPPTFGQGTKLEIK (SEQ ID
NG:E).
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{6086} Generally, anti-CD228 antibodies and/or anti-CD228 antibody-drug conjugates of the
disclosure bind CD228, e.g., human CD228, and exert cytostatic and cytotoxic effects on
malignant cells, such as cancer cells. Anti-CD228 antibodies of the disclosure are preferably
monocional, and may be multispecific, human, humanized or chimeric antibodies, single chain
antibodies, Fab fragments, F(ab") fragments, fragments produced by a Fab expression library,
and CD228 binding fragments of any of the above. Tn some embodiments, the anti-CD2238
antibodies of the disclosure specifically bind CD228. The immunoglobulin molecules of the
disclosure can be of any type (e.g, 1aG, IgE, IgM, IgD, IgA and IgY), class (e.g, TaGl, TgG2,

1gG3, IgG4, IgAl and IgA2) or subelass of immunoglobulin molecule.

{6087} In certain embodiments of the disclosure, the anti-CD228 antibodies are antigen-
binding fragments {e.g., human antigen-binding fragments) as described herein and wclude, but
are not lirotted to, Fab, Fab' and F(ab'h, Fd, single~chain Fvs {scFv), single-chain antibodies,
disulfide-linked Fvs {sdFv} and fragments comprising either a Vi or Vi domain. Antigen-
binding fragments, including single-chain antibodies, may comprise the variable region(s) alone
or in combination with the entirety or a portion of the following: hinge region, CHI, CH2, CH3
and CL domains. Also included 1n the present disclosure are antigen-binding fragments
comprising any combination of variable region(s) with a hinge region, CH1, CH2, CH3 and CL
domains. In some embodiments, the anti-CD228 antibodies or antigen-binding fragments thereof
are human, murine {e.g., mouse and rat}, donkey, sheep, rabbit, goat, guinea pig, camelid, horse,

or chicken.

{0088] The anti-CD228 antibodies of the present disclosure may be monospecific, bispecific,
trispecific or of greater multi specificity. Multispecific antibodies may be specific for different
epitopes of CD228 or may be specific for both (D228 as well as for a heterclogous protein. See,

e.g., PCT publications WO 93/17715; WO 92/08802; WO 91/60360;, W 92/05793; Tutt, er af.,
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1991, §. Irnmunol. 147:60 69 U.S. Pat. Nos. 4,474,893, 4,714,681; 4,925,648, 5,573,920;
5,601,819; Kostelny e7 o/, 1992, J Immunol. 148:1547 1553,

10089} Anti-CDZ228 antibodies of the present disclosure may be described or specified in
terms of the particular CDRs they comprise. The precise amino acid sequence boundaries of a
given CDR or FR can be readily determined using any of a number of well-known schemes,
mcluding those described by Kabat er ¢f. (1991}, “Sequences of Proteins of Immunological
Interest,” 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD (“Kabat”
numbering scheme); Al-Lazikani er ai, (1997} IMB 273,927-948 (“Chothia” numbering
scheme), MacCallum et o/, J. Mol Bioll 262:732-745 (1996), “Anubody-antigen interactions;
Contact analysis and binding site topography,” ¥ Mol Biol. 262, 732-745 7 (“Contact”
numbering scheroe), Lefranc MP er af., “TMGT umique nurobering for immunoglobulinand T
cell receptor variable domains and Ig superfanuly V-like domains,” Dev Comp Immunol, 2003
Jan;27(13:5S-77 (“IMGT” numbering scheme}, Honegger A and Plickthun A, “Yet another
numbering scheme for immunoglobuhn variable domams: an automatic modehng and analysis
tool,” J Mol Biol, 2001 Jun 8,309(3}1:657-70, (“Aho” numbering scheme); and Martin ef g,
“Modeling antibody hypervariable loops: a combined algorithm,” PNAK, 1989, 86(23).9268-
9272, (“AbM” numbering scheme). The boundaries of a given CDR may vary depending on the
acheme used for identification. In some embodiments, a “CDR” or “complementarity
determining region,” or individual specified CDRs (e.g., CDR-HI, CDR-H2Z, CDR-H3), of a
given antibody or region thereof (e.g., vaniable region thereof} should be understood to
encompass a {or the specific) CDR as defined by any of the aforementioned schemes. For
example, where 1t 1s stated that a particular CDR {e.g., a CDR-H3} contains the amino acid
sequence of a corresponding CDR n a given Ve or VL region aming acid sequence, it is
understood that such a CDR has a sequence of the corresponding CDR {e.g., CDR-H3)} within
the variable region, as defined by any of the aforementioned schemes. The scheme for
identification of a particular CDR or CDRs may be specified, such as the CDR as defined by the

Kabat, Chothia, AbM or IMGT method.

{0096} CDR sequences of the anti-CD228 antibodies and of the anti-C228 antibody-drug

conjugates described herein are according to the Kabat numbering scheme as described in Kabat
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et al. {1991}, “Sequences of Proteins of Immunological Interest,” 5th Ed. Public Health Service,

National Institutes of Health, Bethesda, MD.

10091} An anti-CD228 antibody described herein may comprise any suitable framework
variable domain sequence, provided that the antibody retains the ability to bind CD228 (e.z.,
human CD228). As used herein, heavy chain framework regions are designated "HC-FR1-FR4."
and light chain framework regions are designated "LC-FRI-FR4." In some embadiments, the
anti-CD228 antibody comprises a heavy chain variable domain framework sequence of SEQ ID
NO:33, 34, 35, and 36 (HC-FR1, HC-FR2, HC-FR3, and HC-FR4, respectively). In some
ernbodiments, the anti-CD228 antibody comprises a light chain vaniable domain framework
sequence of SEQ ID NG:37, 38, 39, and 40 (LC-FR1, LC-FR2, LC-FR3, and LC-FR4,

respectively).

{6092} In some emboduments, provided herein ts an anti-CD228 antibody comprising a
heavy chain variable domain comprising an amino acid sequence having at least 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 90%, 97%, 98%, or 99% sequence identity
to the amino acid sequence of SEQ ID NO:7. In some embodiments, the N-terminal glutamine
of the heavy chain variable domain is cyelized to form pyroglutamic acid. Tn certain
embodiments, a heavy chain variable domain comprising an amino acid sequence having at least
85%, 86%, 87%, 8%, 89%, 908, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ ID NO:7 contains substitutions {e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD22Z3 {e.g., human CD228). In certain embodiments, a total of 1 to 10
amino acids have been substituied, inserted and/or deleted in SEQ ID N7, In certain
embodiments, substitutions, insertions, or deletions (e.g., 1, Z, 3, 4, or 5 amino acids} cccur in
regions outside the UDRs (7.e., in the FRs). In some embodiments, the anti-CD228 antibody
comprises a heavy chain variable domain sequence of SEQ 1D NO:7 including posi-translational
modifications of that sequence. In some embodiments, the N-terminal glitamine of the heavy

chain variable domain is cyclized to form pyroglutamic acid.

{0093} In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region

comprises (1) CDR-HI comprising the amino acid sequence of SEQ ID NG, (15} CDR-H2
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comprising the amino acid sequence of SEQ 1D NQ:2, and (1) CDR-H3 comprising the amino
acid sequence of SEQ ID NQO:3; and/or wherein the light chain variable region comprises (1)
CDR-L1 comprising the amino acid sequence of SEGQ ID NO:9, (1) CDR-L2 comprising the
amine acid sequence of SEQ ID NG:S, and (1it) CDR-L3 comprising the amino acid sequence of
SEQ 1D NOG:6, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheme,

8094} In some embodiments, provided herein is an anti-CD228 antibody and/or anti-CD228
antibody-drug conjugate comprising a hight chain variable domain comprising an amino acid
sequence having at least 85%, 86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity 1o the amivo acid sequence of SEQ ID NO:21. In certamn
ernbodiments, a light chain vanable domain comprising an amino acid sequence having at least
85%, B6%, 87%, 88%, §9%, 9%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ 1D NO:21 contains substitutions (e.g.,
conservative substitutions), insertions, ot deletions relative to the reference sequence and retaing
the ability to bind to a CD228 {e.g., human TD228). In certain embodiments, a total of T to 10
amine acids have been substituted, mserted and/or deleted in 8EQ ID NO:21. In certain
embodiments, substitutions, insertions, or deletions (e.g, 1, 2, 3, 4, or 5 amino acids} occur in
regions ouiside the UDRs (e, inthe FRs). In some embodiments, the anti~-CD22Z8 antibody
comprises a light chain vanable domaimn sequence of SEQ ID NG:21 including post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two or three CDRs selected from: {(a) CDR-L1 comprising the aming acid
sequence of SEQ ID NG9, (by CDR-LZ comprising the amino acid sequence of SEQ 113 NG5,
and (c) CDR-L3 comprising the amino acid sequence of SEQ D NO:6.

[0095] In one aspect, provided herein is an anti-CDZ28 antibody comprising a heavy chain
variable domain comprising the amino acid sequence of SEQ 1D NO:7 and comprising a hight
chain variable domain comprising the amino acid sequence of SEQ 1D NG:21. In some
embodiments, the N-terminal glutamine of the heavy chain variable domain is cyclized to form
pyroglutamic acid.

{6096} In one aspect, provided herein is an anti-CE228 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region

-
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comprises (1} CDR-H! comprising the amino acid sequence of SEQ ID NO:1, (11} CDR-H2
comprising the amino acid sequence of SEQ 1D NG:2, and (11t} CDR-H3 comprising the amino
actd sequence of SEQ ID NG:3; and/or wherein the light chain variable region comprises (i)
CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 10, (1) CDR-L2 comprising the
amino acid sequence of SEQ 1D NO:5, and (111) CDR-L3 comprising the aming acid sequence of
SEQ 1D NOG:6, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering schere.

[8997] In some embodiments, provided herein 1s an anti-CD228 antibody and/or anti-CD228
antibody-~drug conjugate comprising a light chain vartiable domain comprising an aminoe acid
sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence wdentity to the amino acid sequence of SEQ 1D NG:22. Tn certain
embodiments, a hight chain variable domain comprising an amino acid sequence having at least
85%, §6%, 87%, 88%, B9%, 90%, 91%, 92%, 93%, 94%, 95%, 9%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ 1D NG:22 contains substitutions {e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD228 {e.g., human CD228). In certain embodiments, a total of 1 1o 10
amuno acids have been substituted, inserted and/or deleted in SEQ 1D NO:22. In certain
embodiments, substitutions, insertions, or deletions {e.g., 1, 2, 3, 4, or S amino acids) occur in
regions outside the CDRs (i.e., in the FRs). In some embodiments, the anti-CD228 antibody
comprises a light chain variable domain sequence of SEQ 1 NO:22 meluding post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two or three CDRs selected from: {a} CDR-L1 comprising the amino acid
sequence of SEQ ID NG: 16, (b) CDR-L2 comprising the amino acid sequence of SEG ID NG5,
and (¢} CDR-L3 comprising the amino acid sequence of SEQ [D NO:6.

[6098] In one aspect, provided herein 1s an anti-CD228 antibody comprising a heavy chain
variable domain comprising the amine acid sequence of SEQ ID NO:7 and comprising a light
chain variable domain comprising the amino acid sequence of SEQ ID NO:22. In some
embodiments, the N-terminal glutamine of the heavy chain variable domain s cyclized to form

pyroglutamic acid.
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18099} In one aspect, provided herein 5 an anti-CD2Z8 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises {1} CDR-HI comprising the amino acid sequence of SEQ ID NO: 1, (1) CDR-HZ
comprising the amino acid sequence of SEQ 1D NG:2, and (i) CDR-H3 comprising the amino
acid sequence of SEQ ID NG:3; and/or wherein the light chain variable region comprises (i)
CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 11, (1) CDR-L2 comprising the
amino acid sequence of SEQ ID NG5, and (1) CDR-L3 comprising the amino acid sequence of
SEQ 1D NG:6, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scherue.

[B166] In some emboduments, provided herein is an anti-CD228 antibody and/or anti-CD228
anttbody~drug conjugate comprising a light chain variable doman comprising an amino acid
sequence having at least 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%%, 98%, or 99% sequence 1dentity to the amino acid sequence of SEQ 1D NG:23. In certain
embodiments, a hight chain variable domain comprising an amino acid sequence having at least
83%, 86%, 87%, B8%, 89%, 00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEC ID NG:23 contains substitutions {e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD228 (e.g., human CD228). In certain embodiments, a total of 1 1o 10
amuno acids have been substituted, inserted and/or deleted in SEQ 1D NO:23. In certain
embodiments, substitutions, insertions, or deetions {e.g., 1, 2, 3, 4, or 5 amuno acids) occur in
regions outside the CDRs (e, in the FRs). In some embodiments, the anti-CD228 antibody
comprises a light chain variable domain sequence of SEQ I NO:23 meluding post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two or three CDRs selected from: {a) CDR-L1 comprising the amino acid
sequence of SEQ 1D NG: 11, {b) CDR-L2 comprising the amino acid sequence of SEQ ID NG5,
and (¢} CDR-L3 comprising the amino acid sequence of SEQ [D NOG:6.

{6101 In one aspect, provided herein is an anti-CE228 antibody comprising a heavy chain
variable domain comprising the aming acid sequence of SEQ ID NO:7 and comprising a light

chain variable domain comprising the amino acid sequence of SEQ ID NO:23. In some
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embodiments, the N-terminal glutamine of the heavy chain vanable domain is cyclized to form

pyroglutamic acid.

18102} In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises {1} CDR-HI comprising the aming acid sequence of SEQ ID NG:1, {11) CDR-H2
comprising the amino acid sequence of SEQ 1D NG:2, and (i) CDR-H3 comprising the amino
acid sequence of SEQ 1D NG:3; and/or wherein the light chain variable region comprises (i)
CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 12, (1) CDR-L2 comprising the
amino acid sequence of SEQ ID NG5, and (1) CDR-L3 comprising the amino acid sequence of
SEQ 1D NO:6, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheroe.

(8163} In some emboduments, provided herein is an anti-CD228 antibody and/or anti-CD228
antibody~-drug conjugate comprising a light chain vaniable doman comprising an amino acid
sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%%, 98%, or 99% sequence 1dentity to the amino acid sequence of SEQ I NG:24. In certain
embodiments, a light chain vaniable domain comprising an amino acid sequence having at least
85%, 86%, 87%, B8%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence dentity to the amino acid sequence of SEQ ID NG:24 contains substitutions {e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retams
the ability to bind to a CD228 (e.g., human CD228). In certain embodiments, a total of 1 10 10
amino acids have been substituted, mserted and/or deleted in SEQ ID NG 24, In certain
embodiments, substitutions, insertions, or deletions {e.g., 1, 2, 3, 4, or 5 amino acids} occur in
regions outside the CDRs (J.e,, in the FRs). In some embodiments, the anti-CD228 antibody
comprises a light chain variable domain sequence of SEQ 1D NO:24 including post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two of three CDRs selected from: {a) CDR-L1 comprising the anmino acid
sequence of SEQ 1D NG:12, {b) CDR-L2 comprising the amino acid sequence of SEGQ ID NG5,
and {¢) CDR-L3 comprising the amino acid sequence of SEQ [D NG:6.

[6104] In one aspect, provided herein is an anti-CE228 antibody comprising a heavy chain

variable domain comprising the aming acid sequence of SEQ ID NO:7 and comprising a light
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chain variable domain comprising the amino acid sequence of SEQ 1D NG:24. In some
embodiments, the N-terminal glutamine of the heavy chain variable doman s eyclized to form

pyroglutamic acid.

[0105] In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises {1} CDR-H1 comprising the amino acid sequence of SEQ ID NO:1, (1) CDR-H2
comprising the amino acid sequence of SEQ 1D NQ:2, and (1) CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:3; and/or wherein the light chain vanable region comprises (i)
CDR-LI comprising the amine acid sequence of SEQ 1D NG 13, (1) CDR-L2 comprising the
amine acid sequence of SEQ 1D NG:S, and (1) CDR-L3 comprising the amuno acud sequence of
SEQ 1D NG:6, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheme.

{8106} In some embodiments, provided herein 1s an anti-CD228 antibody and/or anti-CD228
antibody-drug conjugate comprising a hight chain variable domain comprising an amino acid
sequence having at least 83%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity to the amivo acid sequence of SEQ ID NO:25. In certan
embodiments, a light chain vanable domain comprising an amine acid sequence having at least
85%, 86%, 87%, 8%, 89%, 908, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ 1D N(O:25 contains substitutions {e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD22Z8 {e.g., human CD228). In certain embodiments, a total of 1 to 10
amino acids have been substituted, inserted and/or deleted 1n SEQ ID NO:23. In certain
embodiments, substitutions, insertions, or deletions (e.g., 1, Z, 3, 4, or 5 amino acids} cccur in
regions outside the UDRs (7.e., in the FRs). In some embodiments, the anti-CD228 antibody
comprises a light chain varable domain sequence of SE 1D NO:25 including post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two or three CDRs selected from: (3) CDR-L1 comprising the aming acid
sequence of SEQ ID NG:13, (b) CDR-LZ comprising the amino acid sequence of SEQ 1D NG5,
and (c) CDR-L3 comprising the amino acid sequence of SEQ D NO:6.
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18107} In one aspect, provided herein 5 an anti-CD2Z8 antibody comprising a heavy chain
variable domain comprising the amine acid sequence of SEQ > NO:7 and comprising a light
chain variable domain comprising the amino acid sequence of SEQ ID NG:25. In some
embodiments, the N-terminal glutamine of the heavy chain variable domain is cyclized to form

pyroglutamic acid.

[6168] In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises {1} CDR-HI comprising the amino acid sequence of SEQ ID NO:1, (1) CDR-H2
comprising the amino acid sequence of SEQ 1D NG:2, and (1) CDR-H3 comprising the amimo
acid sequence of SEQ 1D NO:3; and/or wherein the light chain vanable region comprises (i)
CDR-L1 comprising the amine acid sequence of SEQ 1D NG: 14, (1) CDR-L2 comprising the
amino acid sequence of SEQ ID NG:S, and (1) CDR-L3 comprising the amino acid sequence of
SEQ ID NG:6, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheme.

[8109] In some embodiments, provided herein is an anti-CD228 antibody and/or anti-CD228
antibody-drug conjugate comprising a hight chain variable domain comprising an amino acid
sequence having at least 85%, 86%, 87%, 88&%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity (o the amino acid sequence of SEQ ID N{O:26. In certam
embodiments, a light chan variable domain comprising an amino acid sequence having at least
83%, 86%, 87%, 88%, §9%, 0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the ammo acid sequence of SEQ ID N(O:26 coutains substitutions (e.g.,
conservative substitutions}, insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD228 {e.g., human CD228). In certain embodiments, a total of 1 to 10
amino acids have been substituted, inserted and/or deleted in SEQ D N(O:26. In certain
embodiments, substitutions, insertions, or deletions (e.g., 1, 2, 3, 4, or 5 amino acids) oceur in
regions outside the CDRs (7.e., in the FRs). In some embodiments, the anti-CD228 antibody
comprises a light chain variable domain sequence of SE(Q 1D NO:26 mcluding post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain

comprises one, two or three CDRs selected from: (a) CDR-L1 comprising the aming acid
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sequence of SEQ 1D NO: 14, (b) CDR-L2 comprising the amino acid sequence of SEQ 1D NO:5,
and (c) CDR-L3 comprising the amino acid sequence of SEQ ID NO:6.

18114} In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable domain comprising the amino acid sequence of SEQ D NO:7 and comprising a light
chain variable domain comprising the amino acid sequence of SEQ 1D NO:26. In some
embodiments, the N-terminal glutamine of the heavy chain variable domain is eyclized to form

pyroglutamic acid.

{9111} In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises {1} CDR-HI comprising the amino acid sequence of SEQ ID NO:1, (1) CDR-H2
comprising the ammo acid sequence of SEQ 13 NO:2, and (11} CDR-H3 comprising the ammo
acid sequence of SEQ 1D NO:3; and/or wherein the light chain vanable region comprises (i)
CDR-LT comprising the amino acid sequence of SEQ D NG: 1S, (11) CDR-L2 comprising the
amine acid sequence of SEQ ID NG:S, and (111) CDR-L3 comprising the amino acud sequence of
SEQ ID NG 16, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheme.

8112} In some embodiments, provided herein is an anti-CD228 antibody and/or anti-CD228
antibody-drog conjugate comprising a light chain variable domain comprising an amine acid
sequence having at least 85%, 86%, 87%, 88%;, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 8%, or 99% sequence identity (o the aminge acid sequence of SEQ ID NO:27. In certam
embodiments, a light chain vanable domain comprising an amine acid sequence having at least
85%, B6%, 87%, 88%, 89%, 9050, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ 1D NO:27 contams substitutions (e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retaing
the ability to bind to a D228 {e.g., human CD228}. In certain embodiments, a total of 1 to 10
amino acids have been substituted, inserted and/or deleted in SEQ D NO:27. In certain
embodiments, substitutions, insertions, or deletions (e.g., 1, 2, 3, 4, or 5 amino acids} cccur in
regions outside the CDRs (F.e., inthe FRs). In some embodiments, the anti-CD228 antibody
comprises a light chain variable domain sequence of SEQ 1D NO:27 including post-translational

modifications of that sequence. In a particular embodiment, the light chain variable domain
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comprises one, two or three CDRs selected from: (a) CDR-LY comprising the anuno acid
sequence of SEQ 1D NO: 15, {(b) CDR-L2 comprising the amino acid sequence of SEQ ID NGO S,
and (¢} CDR-L3 comprising the amino acid sequence of SEQ 1D NOG:16.

{0113} In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO:7 and comprising a light
chain variable domain comprising the amino acid sequence of SEQ ID NO:27. In some
embodiments, the N-terminal glutamine of the heavy chain variable domain is cyclized to form

pyroglutamic acid.

18114} In one aspect, provided herein 5 an anti-CD2Z8 antibody comprising a heavy chain
variable region and a light chain variable region, wherein the heavy chain variable region
comprises () CDR-HI comprising the amino acid sequence of SEQ 1D NG, (11) CDR-H2
comprising the amino acid sequence of SEQ ID NG:2, and (110) CDR-H3 coroprising the amino
acid sequence of SEQ ID NO:3; and/or wherein the hight chain variable region comprises (1)
CDR-LT comprising the amino acid sequence of SEQ ID NG:17, (1) COR-L2 comprising the
amino acid sequence of SEQ ID NG5, and (1) CDR-L3 comprising the amino acid sequence of
SEQ I3 NQG: 18, wherein the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheme,

[8115] In some embodiments, provided herein 1s an anti-CD228 antibody and/or anti-CID228
anttbody~drug conjugate comprising a light chain vaniable domain comprising an amine acid
sequence having at least 85%, 86%, 87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 06%,
7%, 98%, or 99% sequence identity to the amino acid sequence of SEQ 1D NO:28. In certain
embodiments, a light chain variable domain comprising an amino acid sequence having at least
&5%, 86%, 87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEC ID NOG:28 contains substitutions {e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD228 {e.g., human CD228). In certain embodiments, a total of 1 15 10
amino acids have been substituted, mserted and/or deleted in SEQ 1D NO:28. In certain
embodiments, substitutions, insertions, or deletions {e.g., 1, 2, 3, 4, or § amuno acids) occur in
regions outside the CDRs (F.e., in the FRs). In some embodiments, the anti-CD228 antibody

comprises a hight chain variable domain sequence of SEQ 1D NO:28 including post-translational
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modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two or three CDRs selected from: (a) CDR-L1 comprising the amino acid
sequence of SEQ 1D NO: 17, (b) CDR-L2 comprising the amino acid sequence of SEQ 1D NO:5,
and {(c) CDR-L3 comprising the amino acid sequence of SEG ID NG 18,

0116} In one aspect, provided herein 15 an anti-CDZ28 antibody comprising a heavy chain
vartable domain comprising the amino acid sequence of SEQ 1D NO:7 and comprising a light
chain variable domain comprising the amino acid sequence of SEQ ID NG:28. In some
embodiments, the N-terminal glutamine of the heavy chain varable domain s eyclized to form

pyroglutamic acid.

{6117} In one aspect, provided herein 1s an anti-CD228 antibody comprising a heavy chain
variable region and a hight chain vanable region, wherein the heavy chan variable region
comprises {1} CDR-HI comprising the amino acid sequence of SEQ ID NO:1, (1) CDR-H2
comprising the ammo acid sequence of SEQ ID NG:2, and {111} CDR-H3 comprising the amino
acid sequence of SEQ 1D NO:3; and/or wherein the light chain variable region comprises {i)
CDR-L1 comprising the anune acid sequence of SEQ 1D NG: 19, (1) CDR-L2 comprising the
amine acid sequence of SEQ ID NG:S, and (11} CDR-L3 comprising the amino acud sequence of
SEQ ID NG:20, wheren the CDRs of the anti-CD228 antibody are defined by the Kabat

numbering scheme.

811§} In some embodiments, provided herein is an anti-CD228 antibody and/or anti-CD228
antibody-drag conjugate comprising a light chain vanable domain comprising an amine acid
sequence having at least 85%, 86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence dentity to the amine acid sequence of SEQ ID N(O:29. In certan
embodiments, a light chamn vaniable domain comprising an aming acid sequence having at least
85%, B6%, 87%, 8%, 89%, 9%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ ID N(O:29 contains substitutions (e.g.,
conservative substitutions), insertions, or deletions relative to the reference sequence and retains
the ability to bind to a CD228 {e.g., buman CD228). In certain embodiments, a total of 1 to 10
amino acids have been substituted, inserted and/or deleted in SEQ 1D N(:29. In certain
embodiments, substitutions, insertions, or deletions (e.g., 1, 2, 3, 4, or 5 amino acids} cccur in

regions cuiside the CDRs (7.e., inthe FRs). In some embodiments, the anti-CD228 antibody
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comprises a light chain variable domain sequence of SEQ 1D NO:29 including post-translational
modifications of that sequence. In a particular embodiment, the light chain variable domain
comprises one, two or three CDRs selected from: {a) CDR-L1 comprising the amino acid
sequence of SEQ 1D NG: 19, (b) CDR-L2 comprising the amino acid sequence of SEQ ID NG S,
and (¢} CDR-L3 comprising the amino acid sequence of SEQ D NO:20.

{8119} In one aspect, provided herein is an anti-CD228 antibody comprising a heavy chain
variable domain comprising the amino acid sequence of SEQ 1D NO:7 and comprising a light
chain variable domain comprising the amino acid sequence of SEQ I3 NO:29. In some
embodiments, the N-terminal glutamine of the heavy chain variable domain 1s cychzed to form

pyroglutamic acid.

{8128} Tn some embodiments, the anti-CD228 antibody or the anti-CD228 antibody of the
antibody-drug conjugate 1s 27D-Ala, which 15 also referred to as bL49 27D Ala. Insome
ernbodiments, the anti-CD228 antibody or the anti-CD228 antibody of the antibody-~drug
conjugate 1s 27D-Gln, which s also referred to as hI49 2703 Gin. In some embodiments, the
anti~-CD2 28 antibody or the anti-CD228 antibody of the antibody-drug conjugate 15 27D-Tyr,
which is also referred to as hL49 27D Tyr. In some embodimuents, the anti-CD228 antibody or
the anti-CD228 antibody of the antibody-drug conjugate is 34-Ala, which 1s also referred {0 as
hi49 34 Ala In some embodiments, the anti-CD228 antibody or the anti-CIB228 antibody of
the antibody-drug conjugate 15 34-Gln, which 15 also referred to as hi49 34 Gin. In some
embodiments, the anti-CD228 antibody or the anti-CD228 antibody of the antibody-drug
conjugate 13 34-Tyr, which 15 also referred to as hL.49 34 Tyr In some embodiments, the anti-
CD228 antibody or the anti-CD228 antibody of the antibody-drug conjugate 1s 3X-Ala, which is
also referred to as hL49 3X Ala. In some embodiments, the anti-CD228 antibody or the anti-
D228 antibody of the antibody-drug conjugate is 3X-Gln, which is also referred 1o as

hL49 3X Gln In some embodiments, the anti-CD228 antibody or the anti-CD228 antibody of

{8121} In some embodiments, the anti-CD228 antibody or the anti-CD228 antibody of the

anti-CD228 antibody-drug conjugate is a monoclonal antibody.
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18122} Anti-CDZ228 antibodies of the present invention may also be described or specified in
terms of their binding affinity to CD228 {e.g., human CD228). Preferred binding affinities
include those with a dissociation constant or Kp less than S x107 M, 107 M, 5x10° M, 107 M,
Sx107 M, 10 M, 3x10° M, 105 M, 510 M, 10°° M, 5x107 M, 107 M, 5x10°% M, 105M, 5x10°
N IO ML Sx107OME 10O ML Sx 10 M 1OV ML S 10T M 1O ML SO M 107 ML
SIOH M, 1074 M, Sx10715 M, or 1075 M.

[8123] In some embodiments, the binding of an anti-CD228 antibody of the present
mvention 15 pH dependent, such that the antibody displays differential binding across a pH
gradient. In some embodiments, the anti-CD228 antibody displays maximal binding between a
pH of about 5.6 and a pH of about 7 4. In some embodiments, the anti-CD228 antibody displays
maximal binding at a pH of about 5.6. In some emboduments, the anti-CD228 antibody displays
maximal binding at a pH of about 6.3, In some embodiments, the anti-CD228 antibody displays

minimal binding at a pH of about 7.4,

[8124] There are five classes of mmmunoglobulins: TgA, IgD, TgE, ToG and IgM, having
heavy chains designated o, 8, &, v and y, respeciively. The y and o classes are further divided
mnto subclasses e.g., humans express the following subclasses: IgGl, IgG2, 13, 1gG4, IgAl
and fgA2. IgGl antibodies can exist in multiple polymorphic variants termed allotypes
{reviewed in Jefferis and Lefranc 2009 mdbs Vol 1 Issue 4 1-7) any of which are suitable for
use in some of the embodiments herein. Common allotypic variants in human populations are
those designated by the letters a, f, n, = or combinations thereof. In any of the emabodiments
herein, the antibody may comprise a heavy chain Fe region comprising a human IgG Fe region.

In further embodiments, the buman IgG Fe region comprises a human IgGl.

[#125] In some embodiments, the anti-CD228 antibody and/or the anti-CD228 antibody-drug
corgugate comprises a heavy chain variable domain a3 10 any of the embodiments provided
above, and a light chain variable domam as in any of the embodiments provided above. Tn one
ermmbodiment, the antibody comprises a heavy chain constant region comprising the amino acid
sequence of
ASTEKGPSVEPLAPSSESTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVL(QSS
GLYSLSSVVTVPSSSLGTQTYICNVNHEPSNTRVEKKVEPKSCDKTHTCPPCPAPELLGG
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PSVFLFPPRKPKDTIMISRTPEVTCVVYVDYVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK AKGOPREPOQVYTLFPSR
DELTENGVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWOQGNVFSCSVMHEALHENHYTQKSLSLSPG (SEQ ID NO:30) and a light chain
constant region comprising the amino acid sequence of
TVAAPSVIIFPPSDEQLEKSGTASYVVCLLNNFYPREAKVOWEVDNALQSGNSQESVTEQD
SEDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTESFNRGEC (SEQ 1D NO:32),
mclhuding post-translational modifications of those sequences. In another embodiment, the
antibody comprises a heavy chain constant region comprising the anino acid sequence of
ASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLOSS
GLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKEVEPKSCDKTHTCPPCPAPELLGG
PCVFELFPPKPEDTLMISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWENGKEYKCKVSNEALPAPIEK TIRKAKGOPREPOVYTLPPS
RDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWOOQGNVFSCSVMHEALHNHYTOKRLSLSPG (SEQ ID NC:31) and a light chain
constant region comprising the amino acid sequence of
TVAAPSVFIFPPSDEQLKSGTASVVCLINNFYPREAKVOWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSENRGEC (SEQ 1D N(:323,
mctuding post-transfational modifications of those sequences. SEQ 1D NG:31 comprises a
serine to cysteine substitution at amino acid position 239 of human IgG1l isotype. The presence
of an additional cysteine residue allows interchain disulfide bond formation. Such interchain
disulfide bond formation can cause steric hindrance, thereby reducing the affinity of the Fc
region-FoyR binding interaction. The cysteine residue introduced in or in proximity to the Fe
region of an Ig( constant region can also serve as a site for conjugation to therapeutic agents
{Le, coupling cytotoxic drugs using thiol specific reagents such as maleimide dervatives of
drugs). The presence of a therapeutic agent causes steric hindrance, thereby further reducing the
affinity of the Fe region-FeyR binding interaction. Other substitutions at any of positions 234,
235, 236 and/or 237 reduce affinity for Fey receptors, particularly FoyRI receptor {see, e.g., US

6,624,821, US 5,624,821).
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18126} The antibodies also include derivatives that are modified, i e, by the covalent
attachment of any type of molecule to the antibody such that covalent attachment does not
prevent the antibody from binding to CDZ28 or from exerting a cytostatic or cyiotoxic effect on
HD cells. For example, but not by way of limitation, the antibody derivatives include antibodies
that have been modified, ¢.g., by glvcosylation, acetylation, PEGylation, phosphylation,
amidation, derivatization by known protecting/blocking groups, proteolvtic cleavage, linkage to
a celtular ligand or other protein, ete. Any of numerous chemical modifications may be carried
out by known techrnuques, including, but not imited to specific chemical cleavage, acetylation,
formylation, metabolic synthesis of tuncamycin, ete. Additionally, the derivative may contain

one or more non-classical amino acids.

9127 The heavy and light chain variable regions of humanized astibodies can be linked to
at least a portion of a human constant region. The choice of constant region depends, in part,
whether antibody-dependent cell-mediated cytotoxicity, antibody dependent cellular
phagocytosis and/or complement dependent cyiotoxicity are desired. For example, huroan
isotopes [gGl and 1gG3 have strong complement-dependent cytotoxicity, human sotype 1gG2
weak complement-dependent cytotoxicity and human. oG4 lacks complemeni-dependent
cytotoxicity, Human [gGl and 1263 also mduce stronger cell mediated effector functions than
human IgG2 and 1gG4. Light chain constant regions can be lambda or kappa. Antibodies can be
expressed as tetramers containing two light and two heavy chaing, as separate heavy chains, hight
chains, as Fab, Fab', F(ab'}2, and Fv, or as single chain antibodies in which heavy and hight chamn

vanable domains are hinked through a spacer.

{6128} Human constant regions show allotypic varation and seallotypic vanation between
different individuals, that is, the constant regions can differ in different individuals at one or
more polymorphic positions. Iscallotypes differ from allotypes in that sera recognizing an

isoaliotype binds to a non-polymorphic region of a one or more other isotypes.

{8129} One or several aming acids at the amino or carboxy terminus of the light and/or heavy
chain, such as the C-terminal lysine of the heavy chain, may be missing or derivatized in a

proporiion or all of the molecules. Substitutions can be made in the constant regions 1o reduce or
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merease effector function such as complement-mediated cytotoxicity or ADCC (see, e.g, Winter
et al., US Patent No. 5,624,821; Tso et al., US Patent No. 5,834,597, and Lazar et al,, Proc. Natl.
Acad. Sci. USA 103:4003, 20006}, or to prolong half-life in humans (see, e g, Hinton et al | J.
Biol. Chem. 279:6213, 2004).

10136} Exemplary substitution include the amino acid substitution of the native amino acid to
a cysteine residue is introduced at amino acid position 234, 235, 237, 239, 267, 298, 299, 326,
330, or 332, preferably an 8239C mutation in a human IgGl 1sotype (US 20100158909}, The
presence of an additional cysteine residue allows interchain disulfide bond formation. Such
mterchain disulfide bond formation can cause steric hindrance, thereby reducing the affinity of
the Fe region-FeyR binding interaction. The cysteine residue(s) miroduced i or 1n proximity to
the Fc region of an g constant region can also serve as sites for conjugation to therapeutic
agents {1.e., coupling cytotoxic drugs using thiol specific reagents such as maleinude derivatives
of drugs. The presence of a therapeutic agent causes steric hindrance, thereby further reducing
the affinity of the Fe region-FeyR binding interaction. Other substitutions at any of positions
234, 235, 236 and/or 237 reduce affinity for Foy receptors, particularly FeyRI receptor {(see, e.g.,

US 6,624,821, US 5,624,821.)

{8131} The in vivo half-life of an antibody can also impact on its effector functions. The half-
fife of an antibody can be mereased or decreased to modify its therapeutic activities. FeRnis a
receptor that 13 structurally similar to MHC Class I antigen that non~ covalently associates with
B2 ~-microglobulin. FeRn regulates the catabolism of Ig(s and their transeytosis across tissues
{Ghetie and Ward, 2000, Annu. Rev. Immunol. 18:739- 766; Ghetie and Ward, 2002, Immunol.
Res. 25:97-113). The [gG-FcRn interaction takes place at pH 6.0 (pH of mtracelfular vesicles)
but not at pH 7.4 {pH of blood); this interaction enables IgGs to be recycled back to the
circulation {Ghetie and Ward, 2000, Ann. Rev. Immunol. 18:739-766; Ghetie and Ward, 2002,
Immunol. Res. 25:97-113). The region on human {gGl involved in FcRa binding has been
mapped {Shields et al, 2001, J. Biol Chem. 276:6591-604}. Alanine substitutions at positions
Pro238, Thr256, Th307, GIn311, Asp312, Glu380, Glu38Z, or Asnd34 of human IgGl enhance
FcRn hinding (Shields et al, 2001, J. Biol. Chem. 276:6591-604}. 1gGl molecules harboring these
substitutions have longer serum half-lives. Consequently, these modified 1gGl molecules may be

able to carry out their effector functions, and hence exert their therapeutic efficacies, overa
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ionger period of time compared to unmodified Ig(Gl. Other exernplary substitutions for
mcreasing binding to FeRn include a Gin at position 250 and/or a Leu at position 428 EU

numbering is used for all position in the constant region.

{0132} Oligosaccharides covalently attached to the conserved Asn297 are involved in the
ability of the Fe region of an IgG to bind FeyR (Lund et al, 1996, §. Immunol. 157:4963-69;
Wright and Morrison, 1997, Trends Biotechnol. 15:26-32). Engineering of this glycoform on {gG
can significantly improve IgG-mediated ADCC. Addition of bisecting N-acetylghucosamine
modifications {Umana et al, 1999, Nat. Biotechnol. 17:176-180; Bavies et al, 2001, Biotech.
Bioeng. 74:288-94) to this glycoform or removal of fucose (Shields et al, 2002, J. Biol Chem.
277:26733-40; Shinkawa et al, 2003, I Biol. Chem. 278:6591-604; Niwa et a/., 2004, Cancer
Res. 64:2127-33) from this glveoform are two examples of 1gG Fe engineering that taproves the
binding between IgG Fe and FeyR, thereby enhancing Ig-ediated ADCC activity. In some
erbodiments, an anti-CD228 antibody or an anti-CD228 antibody of the antibody-drug
conjugate described herein has a glycan attached to the conserved Asn297 residue of the constant
region, wherein the numbering of amino acid residues in the constant region is according 1o the
Ell-index as described in Kabat ¢f ¢l | Sequences of Protemns of Immunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. (1951). Iu some
embodiments, the glycan is biantennary. In some embodiments, the glycan is core fucosylated. In
some embodiments, the giycan has zero terminal galactose residues. In some embodiments, the
glyean is biantennary and core fucosylated. In some embodiments, the glycan is biantennary and
has zero terminal galaciose residues. In some embodiments, the glycan is core fucosyiated and
has zero ternminal galactose residues. In some embodiments, the glvean s biantennary, core
fucosylated and has zero galactose residuss. In some embodiments, in a population of anti-
CD228% antibodies or anti-CD228 antibodies of the antibody-drug conjugates described herein the
conserved Asn297 residues of the constant regions, wherein the numbering of amino acid
residues in the constant region is according to the FlU-index as described in Kabat e ol
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD. (1991}, are predommantly occupied by biantennary, core

fucosylated glveans with zero terminal galactose residues.
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18133} A systemic substitution of solvent-exposed amino acids of human IgGl Fc region has
generated {g( variants with altered FeyR binding affinities (Shields et al, 2001, J. Biol Chem.
276:6591-604). When compared to parental Ig(Gl, a subset of these variants involving
substitutions at Thr236/Ser298, Ser298/Glu333, SerZ98/Lys334, or Ser298/Glu333 Lvs334 1o
Ala demonstrate mcreased in both binding atfinity toward FevR and ADCC activity (Shields et
al, 2001, J. Biol. Chem. 276:65391-604; Okazak: et al, 2004, J. Mol. Biol 336:1239-49).

8134} Complement fixation activity of antibodies {both Clqg binding and CDC activity) can
be mnproved by substitutions at Lys326 and Glu333 (Idusogie et al, 2001, J. Tramunol.
166:2571-2575). The same substitutions on a human Ig(G2 backbone can convert an anttbody
isotype that binds poorly to Clg and s severely deficient in complement activation activity to one
that can both bind Clg and mediate CDC (Idusogie et al, 2001, 1. Immunol. 166:2571-75),
Several other methods have also been applied to improve complement fixation activity of
anttbodies. For example, the grafting of an 18- amino acid carboxyl-terminal tail prece of IgM to
the carboxyl ~termini of IgG greatly enhances their CDC activity. This 1s observed even with
134, which normally has no detectable CDC activity (Smuth et al, 1995, I Immunol. 154:2226-
36). Also, substituting Serd44 located close 1o the carboxy-terminal of Ig(s 1 heavy chain with
Cys mduced tad-to-tail dimerization of IgG 1 with a 200-fold mcrease of CDC activity over
monoemeric {gGl{Shopes et al, 1992, J. Immunol. 148:2918-22). In addition, 8 bispecific diabody
construct with specificity for Clg also confers CDC activity (Kontermann et a/., 1997, Nat,

Biotech. 15:629-31).

8135} Complement activity can be reduced by mutating at least one of the amino acid
residues 318, 320, and 322 of the heavy chain to a residue having a different side chain, such as
Ala. Gther alkyl-substituted non-1onic residues, such as Gly, He, Leu, or Val, or such aromatic
non-polar residues as Phe, Tyr, Trp and Pro in place of any one of the three residues also reduce
or abolish Clg binding. Ser, Thr, Cys, and Met can be used at residues 320 and 322, but not 318,
to reduce or abolish Clg binding activity.

{8136} Replacement of the 318 (Glu) residue by a polar residue may modify bt not abolish

Clg binding activity. Replacing residue 297 {Asn} with Ala results in removal of lyvtic activity but
only shighily reduces {about three fold weaker} affinity for Clq. This alteration destroys the

glveosylation site and the presence of carbohydrate that is required for complement activation.
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Any other substitution at this site also destroys the glycosylation site. The following mutations
and any combination thereof also reduce Clg binding: D270A, K3224A, P329A, and P31 I8 (see
WO 06/036291).

{0137} Reference to a human constant region includes a constant region with any natural
allotype or any permutation of residues occupying polymorphic positions in natural allotypes.
Also,upto 1, 2, 3, or 10 mutations may be present relative o a natural human constant region,

such as those indicated above to reduce Fegamma receptor binding or increase binding to FeRN.

{6138} In some embodiments, an anti-CD228 and/or anti-CD228 antibody-drug conjugate
anttbody described herein comprises a heavy chain constant region comprising the amino acid
sequence of SEQ ID NGO:30. In some embodiments, an anti-CD228 and/or anti-CD228 antibody-
drug conjugate antibody described herein comprises a light chain constant region comprising the
amine acid sequence of SEQ 1D NO:32. In some emboduments, an anti-CD228 and/or anti-
D223 antibody-drug conjugate antibody described herein comprises a heavy chain constant
region comprising the amino acid sequence of SEQ ID NG:30 and a hight chain constant region
comprising the amino acid sequence of SEQ I NG:32. In some embodiments, an anti-CD228
and/or anti-CD228 antibody-drug conjugate antibody described herein comprises a heavy chain
constant region comprising the amino acid sequence of SEQ 2 NO:31. In some embodiments,
an anti-CD228 and/or anti-CD228 antibody-drug conjugate antibody described herein comprises
a heavy chain constant region comprising the amino acid sequence of SEQ 1D NG:31 and a hght

chain constant region comprising the amino acid sequence of SEQ 1D NO:32.
V. Expression of Recombinant Antibodies

{8139} In some embodiments, an anti-CD228 antibody described herein produced by
recombinant expression. Recombinant polynucleotide constructs typically inclhude an expression
control sequence operably linked to the coding sequences of antibody chains, incleding
naturally- assoctated or heterologous promoter regions. Preferably, the expression control
sequences are eukaryotic promoter systems in vectors capable of transforming or transfeciing
eukaryotic host cells. Once the vector has been incorporated into the appropriate host, the host is
maintained under conditions suitable for high level expression of the nucleotide sequences, and

the collection and purification of the crossreacting antibodies.
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10140] Mammalian cells are a preferred host for expressing nucleotide segments encoding
mmuncglobulins or fragments thereof. See Wmnacker, From Genes to Clones, (VCH
Publishers, NY, 1987}). A number of suttable host cell lines capable of secreting intact
heterologous proteins have been developed in the art, and include CHO cell lines {e.g, DG44),
various COS cell lines, Hela cells, HEK293 cells, L cells, and non- antibody-producing
myelomas including Sp2/0 and NSO, Preferably, the cells are nonhuman. Expression vectors for
these cells can include expression control sequences, such as an ongin of rephication, a promoter,
an enhancer {(Queen et al,, Immunol. Rev. 89:49 {1986)), and necessary processing information
sttes, such as ribosome binding sites, RNA splice sites, polvadenylation sites, and transcriptional
termunator sequences. Preferred expression control sequences are promoters derived from
endogenous genes, cytomegalovirus, SV40, adenovirus, bovine papillomavirus, and the like. See
Coetal, I Tmmunol. 148:1149 (1992},

{0141} Onee expressed, antibodies can be purified according to standard procedures of the

art, including HPLC purification, column chromatography, gel electrophoresis and the bike (see

generally, Scopes, Protein Purification {Springer- Verlag, NY, 1982)).

oy} The wmvention further provides vucleic acids encoding any of the heavy and light

chains described above. Typically, the nucletc acids also encode a signal peptide fused to the
mature heavy and light chains, Coding sequences on nucleic acids can be i operable linkage
with regulatory sequences to ensure expression of the coding sequences, such as a promoter,
enhancer, ribosome binding site, transcription termination signal and the like. The nucleic acids
encoding heavy and hight chains can occur i 1solated form or can be cloned nto one or more
vectors. The nucleic acids can be synthesized by for example, sohid siate synthesis or PCR of
overlapping oligonucleotides. Nucleic acids encoding heavy and light chains can be jomed as
one contiguous nucleic acid, e.g., within an expression vector, or can be separate, e.g., each

cloned into its own expression vector.

{0143 In some aspects, also provided herein are nucleic acids encoding an anti-CID228
antibody or antigen-binding fragment thereof as described herein. Further provided herein are

vectors comprising the nucleic acids encoding an anti-CD228 antibody or antigen-binding
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fragment thereof as described herein. Further provided herein are host cells expressing the
nucleic acids encoding an anti-CD228 antibody or antigen-binding fragment thereof as described
herein. Further provided herein are host cells comprising the vectors comprising the nucleic

acids encoding an anti-CD228 antibody or antigen-binding fragment thereof as described herein.

10144} The anti-CD228 antibodies described herein may be prepared by well-known
recombinant techniques using well known expression vector systems and host cells. in one
embodiment, the antibodies are prepared in a CHO cell using the GS expression vector system as
disclosed in De la Cruz Edmunds ef al., 2006, Molecidar Biotechnology 34, 179-190, EP216846,
U.S. Pat. No. 5,981,216, WO 87/04462, EP323997, U.S. Pat. No. 5,591,639, U 8. Pat. No.
5,658,759, EP338841, U.S. Pat. No. 5,879,936, and 1U.S. Pat. No. 5,891,693,

[8145] Monocional anti-CD228 antibodies described herein may e. g be produced by the
hybridoma method first described by Kohler ef af., Nanwre, 256, 495 (1975), or may be produced
by recombinant DNA methods. Monoclonal antibodies may also be isolated from phage antibody
fibraries using the technigues described i, for example, Clackson et af., Nature, 352, 624-628
{1991} and Marks ef al., JMoi, Biod., 222(3).581-597 (1991). Monoclonal antibodies may be
obtained from any suitable source. Thus, for example, monocional antibodies may be obtained
from hybridomas prepared from murine splenic B cells obtained from mice immunized with an
antigen of nterest, for instance 1o form of cells expressing the antigen on the surface, ora
nucleic actd encoding an antigen of interest. Monoclonal antibodies may also be obtained from
hybridomas derived from antibody-expressing cells of immunized humans or non-human

mammals such as rats, dogs, primates, etc.
Vi  Antihody-Dvug Conjugates

Y, Anti~-CE228 antibodies can be conjugated to cyiotoxic or cytostatic moieties
(including pharmaceutically compatible salts thereof) to form an antibody drug conjugate
{ADC). Pasticularly suitable moteties for conjugation to antibodies are cytotoxic agents {e.g.,
chemotherapeutic agents}, prodrug converting enzymes, radicactive 1sotopes or compounds, or
toxins {these moieties being collectively referred to as a therapeutic agent). For example, an anti-

CD228 antibody can be conjugated 1o a cytotoxic agent such as a chemotherapeutic agent, or a

e
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toxin {e.2., a cviostatic or cytocidal agent such as, e.g., abrin, ricin A, pseudomonas exotoxin, of

diphtheria toxin}.

18147} An anti-CD228 antihody can be conjugated to a pro-drug converting enzyme. The
pro-drug converting enzyme can be recombinantly fused to the antibody or chemically
conjugated thereto using known methods. Exemplary pro-drug converting enzymes are
carboxypeptidase G2, beta-glucuronidase, penicillin- V-amidase, penicillin- G-amidase, -

iactamase, P-glucosidase, nitroreductase and carboxypeptidase A

[0148] Technigues for conjugating therapeutic agents o protetns, and in particular to
antibodies, are well-known. (See, e.g., Amnon et al, "Monoclonal Antibodies For
Tmmunotargeting Of Drugs In Cancer Therapy,” 10 Movoclonal Antibodies And Cancer Therapy
{Reisfeld etal eds, Alan R Liss, Inc,, 1985); Hellstrom et al, "Antibodies For Drug Delivery,”
m Controlled Drug Delivery {(Robinson et al. eds., Marcel Dekker, Inc., 2nd ed. 1987); Thorpe,
"Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review,” in Monoclonal
Antibodies '84: Biological And Clinical Applications (Pinchera et al. eds., 1983); "Analysis,
Results, and Future Prospective of the Therapeutic Use of Radiclabeled Antibody In Cancer

v

Therapy,” it Monoclonal Antibodies For Cancer Detection And Therapy (Baldwin et al. eds,,
Academic Press, 1983); and Thorps et al, 1982, Immunol. Rev. 62:119-38. See also, e.g., PCT

publication W( 89/12624 3

[8149] The therapeutic agent can be conjugated in a manner that reduces its activity unless it
is cleaved off the antibody (e.g., by hydrolysis, by antibody degradation or by a cleaving agent).
Such therapeutic agent 18 attached to the antibody with a cleavable linker that 1s sensitive to
cleavage mn the intracellular environment of the CD228-expressing cancer cell but 13 not
substantially sensitive to the extracellular environment, such that the conjugate 13 cleaved from
the anitbody when it is internalized by the CD228-expressing cancer celi (e.g., in the endosomal
or, for example by virtue of pH sensitivity or protease sensitivity, in the lysosomal environment
or in the caveolear environment}.

{8150 Typically the ADC comprises a linker region between the therapeutic agent and the
anti-CD228 antibody. As noted supra, typically, the linker is cleavable under intraceliular

conditions, such that cleavage of the linker releases the therapeutic agent from the antibody in

L
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the intracellular environment (e.g., within a lysosome or endosome or caveolea). The linker can
be, e.g., a peptidyl linker that is cleaved by an intracellular peptidase or protease enzyme,
mncluding a lysosomal or endosomal protease. Typically, the peptidyl linker 1s at least two amino
acids long or at least three amino acids long. Cleaving agents can include cathepsins B and D and
plasmin (see, e.g., Dubowchik and Walker, 1999, Pharm. Therapeutics 83:67-123). Most typical
are peptidy! linkers that are cleavable by enzymes that are present in CD228-expressing cells,
For example, a peptidyl linker that is cleavable by the thiol-dependent protease cathepsin-B,
which s highly expressed in cancerous tissue, can be used {e.g., a linker comprising a Phe-Leu
or a Gly-Phe-Leu-Gly peptide (SEQ 1D NO: 30)). Other such linkers are deseribed, eg, mU.S,
Patent No. 6,214,345, In specific embodiments, the peptidvl linker cleavable by an intracellular
protease comprises a Val-Cit linker or a Phe-Lys dipeptide {(see, e.g, U.S. patent 6,214,345,
which describes the synthesis of doxorubicin with the Val-Cit linker). One advantage of using
miracellular proteolyiic release of the therapeutic agent is that the agent is typically attenuated

when conjugated and the serurn stabilities of the conjugates are typically high.

(8151 The cleavable hnker can be pH-sensitive, 1.e | sensitive to hydrolysis at certain pH
values. Typically, the pH-sensitive linker 1 hydrolyzable under acidic conditions. For example,
an acid-labile linker that is hydrolyzable in the lysosome {e.g., a hydrazone, semicarbazone,
thiosemicarbazone, cis-acomtic anmide, orthoester, acetal, ketal, or the like} can be used. (See,
e.g., U8 Patent Nos. 5,122,368; 5,824,805, 5,622,929; Dubowchik and Walker, 1999, Pharm.
Therapeutics 83:67-123; Neville et al, 1989, Biol. Chem. 264: 14653-14661.) Such linkers are
relatively stable under neutral pH conditions, such as those in the blood, but are unstable at
below pH 5.5 or 5.0, the approximate pH of the lysosome. In certain embodiments, the
hydrolyzable linker is a thioether linker (such as, e.g., a thioether attached io the therapeutic

agent via an acylhydrazone bond (see, e.g., U.S. Patent No. 5,622,9293).

{03152 Other linkers are cleavable under reducing conditions {e.g., a disulfide linker).
Disulfide linkers include those that can be formed using SATA (N-succinimidy-S-
acetylthioacetate}, SPDP (N-succinimidyl-3-(2-pyridyldithiojpropionate), SPDB (N-
succinimudyl-3-{2-pyridyldithio}butyrate} and SMPT (N-succinmimidyl-oxycarbonyl- alpha-
methyl-alpha-(2-pyridyl-dithio)toluene}, SPDB and SMPT. {See, e.g., Thorpe et al, 1987,

Cancer Res. 47:5924-5931; Wawrzynczak et al, In Immunoconjugates: Antibody Conjugates in

L
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Radiommagery and Therapy of Cancer (C. W. Vogel ed., Oxford U. Press, 1987, See also US.
Patent No. 4,880,935)

18153} The linker can also be a malonate linker (Johnson et al, 1995, Anticancer Res.
15:1387-93), a maleinndobenzoyl hinker (Lau et al, 1995, Biocorg-Med-Chern. 3(10):1299-1304),
or a 3'-N-amide analog (Lau et al, 1995, Bioorg-Med-Chem. 3(10):1308-12). The linker can also
be a malonate linker (Johnson et al, 1995, Anticancer Res. 15:1387-93}, a maleimidobenzoyl
iinker {Lau et al, 1995, Bisorg-Med-Chem. 3(10}:1299-1304), or a 3'-N-amide analog (Lau et al,
1965, Bicorg-Med-Chem. 3(10)1305-12).

[8154] The linker also can be a non-cleavable linker, such as a maleimido-alkylene- or
maleinude-arvl linker that 1s directly attached to the therapeutic agent {e.g., a drug). An active

drug-linker is released by degradation of the antibody.

[B155] Typically, the linker 15 not substantially senstiive to the extracellular environment
meaning that no more than about 20%, typically no more than about 15%, more typically no
more than about 10%, and even more typically no more than about 5%, no more than about 3%,
or no more than about 1% of the linkers in a sample of the ADC 1s cleaved when the ADC

present 10 an extracellular envirorment {e.g., in plasma).

8156} Whether a linker is vot substantially sensttive to the extraceliular environment can be
deterrmned, for example, by incubating independently with plasma both (a) the ADC (the "ADC
sample") and {(b) an equal molar amount of unconjugated antibody or therapeutic agent (the
"conirol sample”) for a predetermmmed time penod (e.g., 2, 4, 8, 16, or 24 hours) and then
comparing the amount of unconjugated antibody or therapeutic agent present m the ADC sample
with that present in control sample, as measured, for example, by high performance higuid

chromatography.

{8187} The hnker can also promote cellular internalization. The hinker can promote cellular
mternalization when conjugated to the therapeutic agent {i.e., 11 the milieu of the linker-
therapeutic agent motety of the ADC or ADC derivative as described herein). Alternatively, the
Hinker can promote cellular internalization when conjugated to both the therapeutic agent and the

anti-CD228 antibody (1.e, in the milien of the ADC as described herem).

L
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18158] The anti-CD228 antibody can be conjugated to the linker via a heteroatom of the
antibody. These heteroatoms can be present on the antibody in its natural state or can be
introduced nto the antibody. In some aspects, the anti-CD228 antibody will be conjugated to the
finker via a nitrogen atom of a lysine residue. In other aspects, the anti-CD228 antibody will be
conjugated to the linker via a sulfur atom of a cysteine residue. The cysteine residue can be
natarally~-oceurring or one that 1s engineered into the antibody. Methods of conjugating linkers

and drug-linkers to antibodies via lysine and cysteine residues are known n the art.

[0159] Exemplary antibody-drug conjugates include auristatin based antibody-drug
conjugates (1.e, the drug component 15 an auristatin drug). Auristating bind tubulin, have been
shown to interfere with microtubule dynamics and nuclear and cellular division, and have
anticancer activity. Typically the aunistatin based antibody-drug conjugate comprises a linker
between the auristatin drug and the anti-CD228 antibody. The hnker can be, for example, a
cleavable tinker (e.g., a peptidyl linker, a carbohydrate linker) or a non-cleavable linker {e.g.,
finker released by degradation of the antibody). Auristating include auristatin T, MMAF, and
MMAE. The synthesis and structure of exemplary auristating are described in U1.S. Publication
Nos. 7,659,241, 7,498,298, 2009-0111756, 2009-0018086, and 7,968, 687 each of which is

meorporated herein by reference n its entirety and for all purposes.

{81606} Other exemplary antibody-drug conjugates include maytansinoid anitbody-drug
conjugates (1.e., the drug component is a maytansinoid drug), and benzodiazepme antibody drug
conjugates {1.e., the drug component is a benzodiazepine (e.g., pyrrolo[l,4ibenzodiazepine

dimers {PBD dimer), indolinobenzodiazepine dimers, and oxazolidinobenzodiazepine dimers)).

{8161} In some embodiments, a PBD dimer for use in the present invention 1s represented by

formula [ The preferred stereochemistry of the PBD dimer 15 as shown 1n formula fa:

L
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/
F i ) .
S NG, ~FoMe  MeO N A |

{8162} Solvates of formula (I} and (1a) are typically formed from addition of water or
alcoholic solvent across the imine functional group of one or both PBD monomers to form
carbinolamine(s} and/or carbinolamine ethers. For example, at the N10-C11 position, there can
be an imine (N=C}, a carbinolanmine(NH-CH{OH)}, or a carbinolamine ether (NH-CH{CMe}) as

represented by formulas [' and 1a* below:

L
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wherein either:
(a) R"is H, and R'" s OH or OR®, where R* 15 saturated C14 alkyl (preferably methyl); or

{(b) R and R!! form a nitrogen-carbon double bond between the nitrogen and carbon atoms to

which they are bound; or

{c)one of R'%is H, and R is OH or ORA, where R* is saturated C14 alkyl (preferably methyl);
and the other of R*® and R'! form a nitrogen-carbon double bond between the nitrogen and

carbon atoms to which they are bound.

ey The PBD dumer of formula 1 or la (or a pharmaceutically salt, solvate, or solvate of
the salt thereof) is typically linked to the antibody via a Linker Unit, LU, The Linker Unit acts to
release the PBD dimer of formula 1 or la {or a pharmaceutically salt, solvate, or solvate of the salt
thereof) at the target site {e.g., inside the cancer cell} . A PBD drug-hinker compound for use in
the present invention 1 represented below by formula I (preferred stereochemistry as shown in

a) wherein LU 1s a Lanker Unit. The Linker Unit can be, for example, a cleavable peptide

36
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Linker Unit {e.g, a linker comprising the valine- alanine peptide) or a cleavable disulfide Linker

Unit:

sy A preferred PBD drug-linker compound for use in the present invention is represented

by Formula HI below:

IRy
Ho~ N\»/\\\ O ) JEAN X 'P?:“\ &
~C T S
Y . { NG N evns AN " {3
: C o = a e ’&\\‘/NM‘& Olkle  MeQ ) Nz S
{N\( L AN A ? ¢ -
; ’}’ N7 NN S 0Me
# i H
o o {1y
rate, or solvate of the salt; wherein the subscript nis 1 or 3 and the

subscript m is an integer from 2 1o 5,

{8165] The PBD drug-linker 15 conjugated to an anti-CD228 antibody to produce a CD228
targeted antibody-drug conjugate. For example, the antibody can be conjugated to a drag-linker
of formula I or formula IIE An exemplary {228 targeted antibody-drug conpugate is shown

below m formulas IV, IVa, and IVh:

e
-1



WO 2022/031652 PCT/US2021/044273

{ \ _
o/ T
I .
o \//\ - M N -
{ /\«?ﬁf’ rf; \1/\ o /’\7»/ { e ey - ‘2;1 N\"f/ =f”\ \‘
A LM ~ L
t\" 7 'U”‘ e & “om(sé

/ H, [ =N, f mf(’\/ T '“\ 3 \
ag_f r
F v
{ grméfjﬂw:&f,m «Kh, o \‘f’\ow
\\ O n H &’) r IS ffi
/
\ /v
I’ "
\ {Va)
7 H(’ ,"“N /“'\\v A /EA)\/ Q X NR\\{L 3
f\b?/\ G % £, E NN \
f v Ci -~ o [ A m\}; Ole Ml :}7 \;)\/\\\ }
% N § 3
PN N E\ NP, 2
D' g o
\ ?{1vb)
N / { {¥b}

or a pharmaceutically salt, solvate, or solvate of the salt; wherein the subscript nis 1 or 3; the

subscript m 15 an integer from 2 to S; and the subscript p 15 from 1 to 4.

“
oot

NG Exemplary drug-linkers include MMAE drug-linkers. The present inventors have
found that the incorporation of a polyethylene glvcol polymer as a side chain into a cleavable 8-
glucuronide MMAE drug-linker provides antibody drug-conjugates with descreased plasma
clearance and mcreased antitumor activity in xenograft models as compared to a non-PEGylated

control. Accordingly, particularly advantageous drug-linkers for attachment to the antibodies of

the present invention are a3 follows n formula V:
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or a pharmaceutically acceptable salt thereof.

“

A preferred stereochemisiry for such drug-linkers is shown below:
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{0170} As noted above, R™® can be hydrogen or a protecting group. Protective groups as used
herein refer to groups which selectively block, either temporarily or permanently, a reactive site
m a multifunctional compound. A protecting group is a suitable protecting group when it is
capable of preventing or avoiding unwanted side-reactions or premature loss of the protecting
eroup under reaction conditions required to effect desired chemical transformation elsewhere in

the molecule and during purification of the newly formed molecule when desired, and can be
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removed under conditions that do not adversely affect the structure or stereochenical integrity of
that newly formed molecule. Suitable amine protecting groups mnclude acid-labile nitrogen
protecting groups, ncluding those provided by Isidro-Liobel et al. "Amino acid-protecting
groups” Chem. Rev. (2009) 109: 2455-2504. Typically, an acid-labile nitrogen-protecting group
transforms a primary or secondary amino group o its corresponding carbamate and includes t-

butyl, allyl, and benzyl carbamates.

8171} As noted above, R is a capping unit for the polyethylene glycol moiety. As will be
appreciated by the skilled artisan, polvethylene glycol units can be terminally capped with a wide
diversity of organic moieties, typically those that are relatively non-reactive. Alkyl and

substituted alky! groups are preferred.

=
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Generally, there are 1 to 16 drug-linkers attached to each antibody.

{8173} An exemplary auristatin based antibody drug conjugate mncludes mp-dLAE-PABC-
MMAE (also referred to heren as dLAE-MMAE, or mp-dLAE-MMAE or 7092) antibody drug
conjugate as shown below wherein Ab 13 an ABP (e.g,, an anti-CD228 antibody as described
herein) and val-cut {(ve) represents the valine-citrulline dipeptide, and dLAE represents the D-

{eucine-alanine-glutarie acid tripeptide:
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o e PN )Lj\w L \,ng &ET O
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! A

mp-dLAE-PABC-MMAE

or a pharmaceutically acceptable salt thereof. The drug loading is represented by p, the number
of drug-linker molecules per antibody. Depending on the context, p can represent the average
number of drug-linker molecules per antibody in a composition of antibodies, also referred to the
average drug loading. P ranges from 1 10 20 and 15 preferably from 1 to 8. In some preferred
ermnbodiments, when p represents the average drug loading, p ranges from about 2 to about S. In
some ernbodiments, p 8 about 2, about 3, about 4, or about S. The average number of drugs per

anttbody 1o a preparation may be characterized by conventional means such as mass

)
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spectroscopy, HIC, ELISA assay, and HPLC. In some aspects, the ABP (e g, anti-CD228
antibody) is attached to the drug-linker through a cysteine residue of the antibody. In some
embodiments, the cysteme residue 15 one that 1s engineered into the antibody. In other aspects,

the cysteine residue is an interchain disulfide cysteine residue.

16174} Referring to the CD228 targeted antibody-drug conjugates, the subscript p represents
the drug ioad and, depending on the context, can represent the number of molecules of drug-
linker molecules attached to an individual antibody molecule and as such, is an integer value, or
can represent an average drug load and, as such, can be an integer or non-integer value but is
typically a non-integer value. An average drug load represents the average number of drug-
finker molecules per antibody 1n a population. Often, but not always, when we refer to an
antibody, e.g., a monoclonal antibody, we are referring to a population of antibody molecules. In
a composition comprising a population of antibody-drug conjugate molecules, the average drug
ioad 15 an important quality atirtbute as it determines the amount of drug that can be delivered to
a target cell. The percentage of unconjugated antibody molecules in the composition 1s included

i the average drug load value.

[8175] In preferred aspects of the present invention, the average drug load when referring to
a composition comprising a population of antibody-drug conjugate compounds is from 1 to about
16, preferably about 2 to about 14, more preferably about 2 10 aboui 10, For PBD antibody drug
conjugates, such as those exemplhified herein, a particudarly preferred average drug load 1s abowt
2. In some aspects, the actual drug load for individual antibody molecules in the population of
anttbody~drug conjugate compounds is from 1 to 4, 1103 or 1 to 2 with a predominant drug
ioading of 2. In preferred aspects, the average drug load of 2 15 achieved via site specific
conjugation techniques (e.g., engineered cysteines introduced to the antibody including at

position 239, according to the EU Index numbering system).

{8176} For the MMAE PEGylated ADCs, such as those exemplified herein, a particularly
preferred average drug load is about 8. In exemplary embodiments, the drug-linkers are
conjugated {o the cystemne residues of the reduced inter-chain disulfides. In some aspects, the
actual drug load for individual antibody molecules in the population of antibody-drug conjugate
compounds 1s from 1 to 10 {or from 6 to 10 or from 6 to 8} with a predominant drug loading of 8.

A hgher drug load can be achieved, for example, if, in addition to the interchain disnlfides, drug-

()
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linker 13 conjugated to introduced cysteine residues (such as a cysteine residue introduced at
position 239, according to the EU index)

Exemplary ADCs include the following
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As noted above, the PEG (polyethylene glycol) portion of the drug linker can range

10178

arficularly

from R to 36, however, it has been found that a PEG of 12 ethylene oxide units s p

as been found that longer PEG chaios can result in slower clearance whereas

ably. Ith
shorter PEG chamns can result in duninished activity, Accordingly, the subscript noin all of the

prefer

, 81012, 1010 12 or 10 10 14 and 1s most preferably 12

ably 810 14

€1

embodiments above 1 pref
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18179} Polydisperse PEGS, monodisperse PEGS and discrete PEGs can be used to make the
PEGylated antibody drug conjugates of the present invention. Polydisperse PEGs are a
heteregenous mixture of sizes and molecular weighis whereas monodisperse PEGs are typically
purified from heterogenous mixtures and are therefore provide a single chain length and
molecular weight. Preferred PEG Units are discrete PEGs, compounds that are synthesized in
step-wise fashion and not via a polymerization process. Discrete PEGs provide a single molecule
with defined and specified chain length. As with the subscript ®p", when referring to populations
of antibody-drug conjugates, the value for the subscript "n" can be an average number and can be

an mieger or non~-integer number.

In preferred embodiments, covalent attachment of the antibody to the drug-linker 18
accomplished through a sulfhydryl functional group of the antibody interacting with a maleimude
functional group of a drug Linker to form a thio-substituted succinumide. The sulthydryl
functional group can be present on the Ligand Unit in the Ligand' s natural state, for example, in
a naturaliy-occurring residue {inter-chain disulfide resides), or can be introduced nto the Ligand
via chemical modification or by biological engineering, or a combination of the two. It will be
understood that an antibody-substituted succinimide may exist in hydrolyzed form{s). For
example, in preferred embodiments, an ADC 15 comprised of a succinimide moiety that when

bonded to the antibody 13 represented by the structure of:
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OF

{8181} Useful classes of cytotoxic agents to conjugate to anti-CD228 antibodies include, for
example, antitsbulin agents, DNA minor groove binding agents, DNA replication inhibitors,
chemotherapy sensitizers, or the like. Other exemplary classes of cytotoxic agents include
anthracychnes, auristating, camptothecins, duscarmycins, gtoposides, maytansinods and vinca
alkaloids. Some exemplary cytotoxic agents include auristatins {e.g., auristatin T, auristatin E,
AFP, monomethy! auristatin ¥ (MMAF), lipophilic monomethyl aurstatin F, monomethyi
auristatin E (MMAE}), DNA minor groove binders {e.g., enediynes and lexitropsing},
duocarmyeins, taxanes {e.g., paclitaxel and docetaxel), vinca alkaloids, nicotinamide
phosphoribosyltranferase infubitor (NAMPTI), tubulysin M, doxorubicin, morpholing-

doxorubicin, and cvanomorpholino-doxorubicin.

8182} The cytotoxic agent can be a chemotherapeutic such as, for example, doxorubicin,
pachitaxel, melphalan, vinca alkalowds, methotrexate, mitomycin C or etoposide. The agent can
also be a CC-1065 analogue, calicheamicin, maytansine, an analog of dolastatin 10, rhizoxin, or
palytoxin,

{0183} The cytotoxic agent can also be an aunistatin. The auristatin can be an auristatin E
derivative is, e.g., an ester formed between auristatin F and a keto acid. For example, auristatin B
can be reacted with paraacetyl benzoic acid or benzoylvaleric acid to produce AEB and AEVE,
respectively. Other typical auristatins include auristatin T, AFP, MMAF, and MMAE. The
synthesis and structure of various auristating are described in, for example, US 2003-0238649
and US2006-0074008.

8184} The cytotoxic agent can be a DNA muinor groove binding agent. {See, e.g., U.S.
Patent No. 6,130,237 ) For example, the minor groove binding agent can be a CBI compound or

an enedivoe {e.g., calicheamicin).
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[8185) The cytotoxic or cytostatic agent can be an anti-tubulin agent. Examples of anti -
tubulin agents include taxanes {e.g., Taxol® {paclitaxel}, Taxotere® (docetaxel}}, T67 (Tulark),
vinca alkyloids {e g., vincristine, vinblastine, vindesine, and vinorelbine), and auristatins {e.g_,
auristatin B, AFP, MMAF MMAE, AEB, AEVE). Other suitable antitubulin agents include, for
example, baccatin derivatives, taxane analogs {e g., epothilone A and B}, nocodazole, colchicine
and colcimid, estramustine, cryptophysins, cemadotin, maytansinoids, combretastating,

discodermoide and eleuthrobin,

The cytotoxic agent can be a maytansinoid, another group of anti-tubuhn agents (e.g.,

DM, DM2, DM3, DM4). For example, the maytansinoid can be maytansine or a maytansine
containing drug linker such as DM-1 or DM-4 (TromunoGen, Inc.; see also Chari et al,, 1992,
Cancer Res.)

8187} In some embodiments, an anti-CID228 antibody of the invention 1s conjugated to
monomethyl auristatin B via a MDpr-PEG(12)-gluc linker forming an antibody-drug conjugate

having the structure:
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. In some embodiments, the anti-
CD228 antibody is hL49 27D3-Ala and the resulting antibody-drug conjugate s hL49 27D-Ala-
Mdpr-PEG(12)-gluc-MMAE. In some embodiments, the anti-CD228 antibody is hL.49 27D-Gin
and the resulting antibody-drug conjugate 15 hE49 27D-Gln-Mdpr-PEG(1 2)-gluc-MMAE. In
some ernbodiments, the anti-CD228 antibody 1s hL49 27D-Tyr and the resulting antibody-drug
congugate 18 hLA49 27D-Tyr-Mdpr-PEG(1 2)-gluc-MMAE. In some embodirnents, the anti-
(D228 antibody 1s hL49 34-Ala and the resulting antibody-drug conjugate 1s hL.49 34-Ala-
Mdpr-PEG(12)-gluc-MMAE. In some embodiments, the anti-CD228 antibody 15 h149 34-Gln
and the resulting antibody-drug conjugate 1s hLA49 34-Glo-Mdpr-PEG(1 2)-gluc-MMAE. In some
embodiments, the anti-CD228 antibody is BL49 34-Tyr and the resulting antibody-drug
conjugate 18 hL49 34-Tyr-Mdpr-PEG{12)-gluc-MMAE. In some embodiments, the anti-CD228
anttbody 13 hL49 3X-Ala and the resulting antibody-drug conjugate 1s h£49 3X-Ala-Mdpr-
PEG{12)-gloc-MMAE. In some embodiments, the anti-CD228 antibody is hL49_3X-Gln and the
resulting antibody-drug conjugate 1s hL49 3X-Gln-Mdpr-PEG{12)-gluc-MMAE. In some
embodiments, the anti-CD228 antibody is hE49 3X-Tyr and the resulting antibody-drug
conjugate 18 hL49 3X-Tyr-Mdpr-PEG(12)-gluc-MMAE.

VI, Therapeuntic Applications

{0188} The antibodies of the invention, alone or as anti-CD228 antibody-drug conjugates
thereof, can be used to treat cancer in a subject. Some such cancers show detectable levels of
D228 measured at either the protein {e.g., by immumoassay using one of the exemplified
antibodies) or mRNA level. Some such cancers show elevated levels of CDZ28 relative to
noncancerous tissue of the same type, preferably from the same patient. An exemplary level of
CD228 on cancer cells amenable to treatment is S000-500,000 CD228 molecules per cell
although higher or lower levels can be treated. Optionally, a level of CID228 in a cancer is
measured before performing treatment. In some embodiments, the subject has been previously
treated with one or more therapeutic agents and did not respond to the treatment, wherein the one

or more therapeutic agents 1s not the antibody, antigen-binding fragment, or antibody-drug
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comjugate. In some embodiments, the subject has been previously treated with one or more
therapeutic agents and relapsed after the treatment, wherein the one or more therapeutic agents 15
not the antibody, antigen-binding fragment, or antibody-drug conjugate. In some embodiments,
the subject has been previously treated with one or more therapeutic agents and has experienced
disease progression during treatment, wherein the one or more therapeutic agents is not the
antibody, antigen-binding fragment, or antibody-drug conjugate. In some embodiments, the
cancer 1s an advanced stage cancer. In some embodiments, the advanced stage cancer 15 a stage 3
or stage 4 cancer. Tn some embaodiments, the advanced stage cancer is metastatic cancer. In some
embodiments, the cancer 15 recurrent cancer. In some ermbodiments, the subject recerved prior
treatment with standard of care therapy for the cancer and faded the prior treatment. In some

emmbodiments, the subject is a human.

[6189] Examples of cancers associated with CD228 expression and amenable to treatment
melude melanoma and other carcinomas, including pancreatic cancer, fung cancer, such as non-
small lung cancer, thyroid cancer, esophageal cancer, head and neck cancer, breast cancer, such
as triple negative breast cancer, colorectal cancer, mesothelioma and chobangiocarcinoma. In
some embodiments, the antibodies or antibody-drog conjugates of the invention are used in
methods of treating melanoma in a subject. In some embodiments, the melanoma is cutaneous
melanoma. In some embodiments, the cuianeous melanoma 13 selected from the group consisting
of superficial spreading melanoma, nodular melanoma, acral lentiginous melanoma, lentigo
maligna melanoma, and desmoplastic melanoma. In some embodiments, the cutanecus
melanoma is superficial spreading melanoma. In some embodiments, the cutaneous melanoma is
nodular melanoma. In some embodiments, the cutanescus melanoma is acral lentiginous
melanoma. In some embodiments, the acral lentiginous melanoma is subungual melanoma. In
some embodiments, the cutaneous melanoma is lentigo maligna melanoma. In some
embodiments, the cutaneous melanoma i1s desmoplastic melanoma. In some embodimenis, the
subject recetved prior therapy with an inhibitor of PD-1 or PD-L1 for the cutaneous melanoma.
In some embodiments, the subject received prior therapy with an inhibitor of PD-1. In some
embodiments, the inhibitor of PD-1 15 selected from the group consisting of nivolumab
{OPDIVO®, BMS-936558 or MIDX-1106), pembrolizumab (KEYTRUDA®, MK-3473),

piditizumab {(CT-011) and cemiplimab (REGN2810}. In some embodiments, the subject
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recetved prior therapy with an inlubitor of PD-L1. In some embodiments, the PDX-L1 inhibitor is
selected from the group consisting of atezolizumab (TECENTRIQ®, MPDL3Z80A), avelumab
{(BAVENCIO®R), durvalumab and BMS-936559. In some emmbodiments, the melanoma is sub-
cutaneous melanoma. In some embodiments, the sub-cutanecus melanoma s ocular melanoma
or mucosal melanoma. In some embodiments, the melanoma is non-cutanecus melanoma. In
some embodiments, the antibodies or antibody-drug conjugates of the invention are used in
methods of treating pancreatic cancer 1n a subject. In some embodiments, the pancreatic cancer 1s
an exocrine cancer or a neuroendocrine cancer. In some embodiments, the pancreatic cancer 18 an
exocrine cancer. In some embodiments, the exocrine pancreatic cancer 1s selected from the group
counsisting of pancreatic adenocarcinoma, acinar cell carcinoma, cystadenocarcinoma,
pancreatoblastoma, adenosquamous carcinoma, signet ting carcinoma, hepatoid carcinoma,
colloid carcinoma, undifferentiated carcinoma, and pancreatic mucinous cystic neoplasm. In
some embodiments, the subject received one or more prior line of therapy for the exocrine
pancreatic cancer. In some embodiments, the subject recetved one prior line of therapy for the
exocrine pancreatic cancer. In some embodiments, the subject received more than one prior line
of therapy for the exocrine pancreatic cancer. In some embodiments, the pancreatic cancer is
pancreatic adenocarcinoma. In some embodiments, the pancreatic adenocarcinoma is pancreatic
ductal adenccarcinoma. In some embodiments, the pancreatic cancer is acinar cell carcinoma. In
some embodiments, the pancreatic cancer is cystadenocarcinoma. In some embodiments, the
pancreatic cancer 1s pancreatoblastoma. In some embodiments, the pancreatic cancer is
adenosquamous carcinoma. In some embodiments, the pancreatic cancer is signet ring
carcinoma. In some embodiments, the pancreatic cancer is hepatoid carcinoma. In some
embodiments, the pancreatic cancer is colloid carcinoma. In some embodiments, the pancreatic
cancer is undhfferentiated carcinoma. In some embodiments, the pancreatic cancer 1s pancreatic
mucinous cystic neoplasm. In some embodiments, the pancreatic cancer 15 a neurcendocrine
cancer. In some embodiments, the antibodies or antibody-drug conjugates of the invention are
used in methods of treating lung cancer in a subject. In some embodiments, the antibodies or
antibody-drug conjugates of the invention are used in methods of treating non-small cell lung
cancer inn a subject. In some embodiments, the non-small cell lung cancer has a mutant form of

epidermal growth factor receptor (EGFR). In some embodiments, the non-small cell lung cancer
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has wild-type EGFR. In some embodiments, the subject has received prior therapy with a
platinum-based therapy for the non-small cell lung cancer. 1n some embodiments, the platinum-
based therapy is selected from the group consisting of carboplatin, cisplatin, oxaliplatin,
nedaplatin, triplatin tetranitrate, phenanthriplatin, picoplatin and satraplatin. In some
embodiments, the platinum-based therapy is carboplatin. In some embodiments, the platinum-
based therapy is cisplatin. In some embodiments, the platinum-based therapy 1s oxaliplatin. In
some embodiments, the platinum-based therapy is vedaplatin. In soroe embodunents, the
platinum-based therapy 1s triplatin tetramitrate. In some emboduments, the platinum-based
therapy 1s phenanthriplatin. Io some embodiments, the platinum-based therapy 1s picoplatin. In
some embodiments, the platinum-based therapy 1s satraplatin. In some embodiments, the subject
received prior therapy with an ilubitor of PD-1 or PD-L1 for the non-small cell lung cancer. In
some embodiments, the subject recerved prior therapy with an inhibitor of PD-1. In some
embodiments, the PD-1 mhubitor 15 selected from the group consisting of nivolumab
{OPDIVO®, BMS-936558 or MDX-1106}, pembrolizumab (KREYTRUDA®, MK-3475),
pidifizumab (CT-011) and cemiplimab (REGN2810). In some embodiments, the subject
received prior therapy with an inhibitor of PD-L1. In some embodiments, the PD-L1 mhibitor is
selected from the group consisting of atezolizumab (TECENTRIQ®, MPDL3280A}, avelumab
{BAVENCIO®R), durvalumab and BMS-936559. In some embodiments, the subject has received
prior therapy with a platinum-based therapy and an inhibitor of PD-1 or PD-L1 for the non-small
celi hung cancer. In some embodiments, the antibodies or antibody-drug conjugates of the
mvention are used 1n methods of treating thyroid cancer in a subject. In some embodiments, the
antibodies or antibody-drug conjugates of the invention are used in methods of treating
esophageal cancer in a subject. In some embodiments, the antibodies or antibody-drug
conjugates of the invention are used in methods of treating head and neck cancer in a subject. In
some embodiments, the antibodies or antibody-drug conjugates of the invention are used in
methods of treating breast cancer in a subject. In some embodiments, the breast cancer i
selected from the group consisting of HERZ positive, HER2 negative, Estrogen Receptor (ER)
positive, ER negative, Progesterone Receptor (PR) positive, PR negative, and triple negative
breast cancer. In some embodiments, the breast cancer is HER2 positive breast cancer. In some

embodiments, the breast cancer 15 HER2 negative breast cancer. In some embodiments, the
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subject received one or more prior line of therapy for the HERZ negative breast cancer. In some
embodiments, the one or more prior hine of therapy comprised treatment with a taxane. In some
embodiments, the taxane is selected from the group consisting of paclitaxel, docetaxel, and
cabazitaxel In some embodiments, the taxane is paclitaxel. In some embodiments, the taxane is
docetaxel In some embodiments, the taxane is cabazitaxel In some embodiments, the subject
with HERZ2 negative breast cancer 15 hormone receptor positive. In some embaodirents, the
subject with HER2 negative, hormone recepior positive breast cancer received prior therapy with
an hibitor of CDK4/6. In some embodiments, the subject with HER2 negative, hormone
receptor positive breast cancer received prior therapy with a hormonally-directed therapy. In
some embodiments, the breast cancer 1s ER positive breast cancer. In some embodiments, the
breast cancer is ER vegative breast cancer. Tu some embodiments, the breast cancer is PR
positive breast cancer. In some embodiments, the breast cancer 18 PR negative breast cancer. In
some embodiments, the antibodies or antibody-drug conjugates of the mvention are used in
methods of ireating triple negative breast cancer in a subject. A iriple negative breast cancer s a
term of art for a cancer lacking detectable estrogen and progesterone receptors and lacking
overexpression of HER2/neu. In some embodiments, the antibodies or antibody-drug conjugates
of the mvention are used in methods of treating colorectal cancer n a subject. In some
embodiments, the colorectal cancer is selected from the group consisting of a colorectal
adenocarcinoma, a gastromtestinal siromal tumor, a primary colorectal lymphoma, a
gastromiestinal carcinoid tumor, and a leiomyosarcoma. In some embodiments, the colorectal
cancer s a colorectal adenocarcinoma. In some embodiments, the colorectal canceris a
gastrointestinal stromal tumor. In some embodiments, the colorectal cancer is a primary
colorectal lymphoma. In some embodiments, the colorecial cancer s a gastrointestinal carcingid
tumor. In some embodiments, the colorectal cancer is a leiomyosarcoma. In some embodiments,
the subject recetved two or more prior lines of therapy for the colorectal cancer. In some
embodiments, the subject received two prior lines of therapy for the colorectal cancer. In some
embodiments, the subject received more than two prior lines of therapy for the colorectal cancer.
In some embodiments, the antibodies or antibody-drug conjugates of the invention are used in
methods of treating mesothelioma in a subject. In some embodiments, the mesothelioma is

selected from the group consisting of pleural mesothelioma, peritoneal mesothelioma, pericardial
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mesothelioma, and testicular mesothelioma. In some embodiments, the mesothelioma is pleural
mesothelioma. In some embodiments, the subject has received prior therapy with 2 platinum-
based therapy for the pleural mesothelioma. In some embodiments, the platinum-based therapy 1s
selected from the group consisting of carboplatin, cisplatin, oxaliplatin, nedaplatin, triplatin
tetranitrate, phenanthriplatin, picoplatin and satraplatin. In some embodiments, the platinum-
based therapy is carboplatin. In some embodiments, the platinuro-based therapy ts cisplatin. In
some embodiments, the platinum-based therapy is oxaliplatin. In some embaodiments, the
platinum-based therapy is nedaplatin. In some embodiments, the platinuro-based therapy s
triplatin tetranitrate. In some embodiments, the platinum-based therapy 1s phenanthriplatin. In
some embodiments, the platinum-based therapy is picoplatin. o some embodiments, the
platinum-based therapy is satraplatin. In some embodiments, the subject received prior therapy
with pemetrexed for the pleural mesothelioma. In some embodiments, the mesothelioma is
peritoneal mesothelioma. In some embodiments, the mesothelioma 1§ pericardial mesothelioma.
In some embodiments, the mesothelioma is testicular mesothelioma. In some embodiments, the
antibodies or antibody-drug conjugates of the invention are used in methods of ireating
choliangiocarcinoma. The treatment can be applied to patients having primary or metastatic
tumors of these kinds. The treatment can also be applied to patients who are refractory to
conventional treatments, or who have relapsed following a response to such treatments. In some

embodiments, the subject is a human.

{0196} Antibodigs of the present invention, such as humanized antibodies, alone or as
conjugates thereof, are administered in an effective regime meaning a dosage, route of
administration and frequency of adnunisiration that delays the onset, reduces the severity,
mhibits further deterioration, and/or ameliorates at least one sign or symptom of cancer. If a
patient 1s already suffering from cancer, the regime can be referred to as a therapeutically
effective regime. If the patient is at elevated risk of the caner relative to the general population
but is not yet experiencing symptoms, the regime can be referred to as a prophylactically
effective regime. In some instances, therapeutic or prophylactic efficacy can be observed in an
ndividual patient relative to historical controls or past experience in the same patient. In other
mstances, therapeutic or prophylactic efficacy can be demonstrated in a preclinical or clinical

trial in a population of treated patients relative to a control population of untreated patients.
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18191} Exemplary dosages for a monoclonal antibody are 0.1 mg/ke to 50 mg/kg of the
patient's body weight, more typically 1 ma/kg to 30 mg/kg, 1 ma/kg to 20 mg/kg, 1 mg/kgto 15
mg/ke, 1 mg/ke to 12 mg/ke, or 1 mg/ke to 10 meg/kg 1, or 2 meg/kg to 30 mg/ke, 2 mg/kg to 20
mg'kg, 2 mg/ks to 15 mg/ke, 2 mg/ks to 12 ma/ke, or 2 mg/kg to 10 mg/ke, or 3 mo/kg to 30
mg'ke, 3 mg/ke to 20 mg/ke, 3 mg/ke to 15 me/ke, 3 mg/ke to 12 me/ke, or 3 me/kg to 10
mg/kg . Exemplary dosages for a monoclonal antibody or antibody drug conjugates thereof are 1
mg/kg to 7.5 my/kg, or 2 mglkeg to 7.5 mg/kg or 3 mg/kg to 7.5 mg/kg of the subject’s body
weight, or 0.1-20, or 0.5-5 mg/kg body weight {(e.g, 0.5, 1,2, 3,4,5,6,7, 8, 9 or 10 mg/kg) or
10-1500 or 200-1500 mg as a fixed dosage. In some methods, the patient 1s adnmumstered a dose
of at least 1.5 mg/kg, at least 2 mg/kg or at least 3 mg/kg, administered once every three weeks
or greater. The dosage depends on the frequency of admumstration, condition of the patient and
response to priot treatment, if any, whether the treatment is prophylactic or therapeutic and

whether the disorder is acute or chronic, among other factors.

[98192] Admiristration can be parenteral, intravenous, oral, sasheutaneous, intra-arterial,
mtracranial, intrathecal| intraperitoneal, topical, mtranasal or inframuscular. Administration can
also be localized directly into a tumor. Admunistration into the systemic circulation by
miravenous or subcutaneous administration 1s preferred. Intravenous adminisiration can be, for

example, by 1fusion over a period such as 30-90 mun or by a single bolus jnjection.

{8193} The frequency of adminstration depends on the half-hife of the antibody or conjugate
in the circulation, the condition of the patient and the route of administration among other
factors. The frequency can be daily, weekly, monthly, guarterly, or at irregular intervals in
response to changes in the patient's condition or progression of the cancer being treated. An
exemplary frequency for intravenous administration is between twice a week and quarterly over
a continuous course of treatment, although more or less frequent dosing 1s also possible. Other
exemplary frequencies for intravenous administration are between weekly or three out of every
four weeks over a continuous course of treatment, although more or less frequent dosing s also
possible. For subcutaneous administration, an exemplary dosing frequency 1s daily to monthly,

although more or less frequent dosing is also possible.

{8194 The number of dosages administered depends on the nature of the cancer {e.g.,

whether presenting acute or chronic symptoms) and the response of the disorder to the treatment.
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For acute disorders or acute exacerbations of a chronic disorder between 1 and 10 doses are often
sufficient. Sometimes a single bolus dose, optionally in divided form, 1s sufficient for an acute
disorder or acute exacerbation of a chronic disorder. Treatment can be repeated for recurrence of
an acute disorder or acute exacerbation. For chronic disorders, an antibody can be administered
at regular intervals, e g., weekly, fortnightly, monthly, quarterly, every six months for at least 1,

S or 10 years, or the life of the patient.

Pharmaceutical compositions for parenteral administration are preferably sterile and
substantially isotonic and manufactured under GMP conditions. Pharmaceutical compositions
can be provided in unit dosage form (1.e, the dosage for a single admnistration). Pharmaceutical
composttions can be formulated using one or more physiologically acceptable carriers, diluents,
exciptents or auxiliaries. The formulation depends on the route of adrownistration chosen. For
mjection, antibodies can be formulated 10 agueous solutions, preferably in physiologically
compatible buffers such as Hank's solution, Ringer's solution, or physiological saline or acetate
buffer (to reduce discorofort at the site of inyection). The solution can contain formulatory agents
such as suspending, stabilizing and/or dispersing agents. Alternatively antibodies can be in
ivophilized form for constitution with a suniable vehicle, e.g | sterile pyrogen-free water, before
use. The concentration of antibody m a hiquid formulation can be e.g., 1-100 mg/ml, such as 10

mg/ml.

{8196} Treatment with antibodies of the invention can be combined with chemotherapy,
radiation, stem cell treatment, surgery other treatments effective against the disorder being
treated. Useful classes of other agents that can be administered with antibodies and antibody-
drug conjugates to CD228 as described herein include, for example, antibodies to other receptors
expressed on cancerous cells, antitubulin agents {e g, auristating}, DINA minor groove binders,

DNA replication inhibitors, alkylating agents {e.g

=28

platinum complexes such as cisplatin,
mono{platinum), bis{platinum) and tri-nuclear platinum complexes and carboplatin),
anthracyclines, antibiotics, antifolates, antimetabolites, chemotherapy sensitizers, duocarmycins,
etoposides, fluorinated pyrimidines, ionophores, lextiropsing, mitrosoureas, platinols, pre-forming
compounds, purine antimetabolites, puromycing, radiation sensitizers, steroids, taxanes,

topoisomerase inhibitors, vineca alkaloids, and the Like.
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18197} Treatment with the anti-CD228 antibody or antibody-drug conjugate, optionally in
combination with any of the other agents or regimes described above alone or as an antibody
drug conjugate, can increase the median progression-free survival or overall survival time of
patients with tumors {e.g., melanoma, pancreatic cancer, non-small lung cancer, thyroid cancer,
head and neck cancer, triple negative breast cancer, colorectal cancer, mesothelioma,
choliangiocarcinoma), especially when relapsed or refractory, by at least 30% or 40% but
preferably 50%, 60% to 70% or even 100% or longer, compared to the same treatment {e.g.,
chemotherapy) but without an anti-CD228 antibody alone or as a conjugate. In addition or
alternatively, treatment (e.g., standard chemotherapy) rucluding the anti-CID228 antibody alone
or 45 a conjugate can increase the complete response rate, partial respounse rate, or objective
response rate {(complete + partial) of patients with tumors by at least 30% or 40% but preferably
50%, 60% to 70% or even 100% compared to the same treatment (e.g., chemotherapy) but

without the anti- CD228 antibody alone or as a conjugate.

Typically, in a clinical trial {e.g., a phase I, phase IV/IH or phase 11 trial}, the
aforementioned increases in median progression-free survival and/or response rate of the patients
treated with standard therapy plus the anti-CD228 antibody alone or as conjugate, refative to the
control group of patients receiving standard therapy alone {or plus placebo), are statistically
significant, for example at the p = 0.05 or 0.01 or even 0.001 level. The complete and partial
response rates are determuined by objective criteria commonly used in chinical trials for cancer,

e.g., as bisted or accepted by the National Cancer Institute and/or Food and Drug Administration.
X,  Articles of Manufactore and Kiis

[8199] In another aspect, an article of manufacture or kit 15 provided which comprises an
anti~-CD228 antibody or anti-CD228 antibody~drug conjugate described herein. The article of
manufacture or kit may further comprise instructions for use of the anti-CD228& antibody or anti-
D228 antibody-drug conjugate described herein in the methods of the invention. Thus, in
certain embodiments, the article of manufacture or kit comprises mstructions for the use of an
anti-CD228 antibody or anti-CD228 antibody-drug conjugate described herein in methods for
treating cancer {e.g., melanoma and other carcinomas, including pancreatic cancer, non-small
fung cancer, thyroid cancer, head and neck cancer, breast cancer, such as triple negative breast

cancer, colorectal cancer, mesothelioma or choliangiocarcinoma} in a subject comprising
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administering to the subject an effective amount of an anti-CD228 antibody or anti-CD228
antibody-drug conjugate described herein. In some embodiments, the cancer 1s melanoma. In
some embodiments, the cancer is pancreatic cancer. In some embodiments, the cancer is non-
small lung cancer. In some embodiments, the cancer is thyroid cancer. In some embodiments, the
cancer is head and neck cancer. In some embodiments, the cancer is breast cancer. In some
embodiments, the breast cancer is triple negative breast cancer. In some embodiments, the cancer
is colorectal cancer. In some embodiments, the cancer 13 mesothelioma. In some embodiments,

the cancer 1s choliangtocarcinoma. Tn some embaodiments, the subject 1s a human,

[8208] The article of manufacture or kit may further comprise a container. Suitable
containers include, for example, bottles, vials {e.g., dual chamber vials), syringes {such as single
or dual chamber syringes) and test tubes. In some emboduments, the coutainer 1s a vial. The
countainer may be formed from a variety of materials such as glass or plastic. The contaner holds

the formulation.

{8201} The article of manufacture or kit may further comprise a label or a package insert,
which is on or associated with the container, may ndicate directions for reconstitution and/or use
of the formulation. The label or package insert may further indicate that the forraulation is useful
or intended for subcutaneous, miravenous {e.g., ntravenous infusion), or other modes of
administration for treating cancer i 8 subject {e.g., melanoma and other carcinomas, mcluding
pancreatic cancer, non-small lung cancer, thyroid cancer, head and neck cancer, breast cancer,
such as triple negative breast cancer, colorectal cancer, mesothelioma or choliangiocarcinoma).
The container holding the formulation may be a single-use vial or a muolti-use vial, which allows
for repeat administrations of the reconstituted formulation. The article of manufacture or kit may
further comprise a second container comprising a suitable diluent. The article of manufacture or
kit may further include other materials desirable from a commercial, therapeutic, and user
standpoint, including other buffers, diluents, filters, needies, syringes, and package inserts with

structions for use.

{6202} The article of manufacture or kit herein optionally further comprises a container
comprising a second medicament, wherein the anti-CD228 antibody or anti-CD228 antibody-
drug conjugate is a first medicament, and which article or kit further comprises instructions on

the fabel or package insert for treating the subject with the second medicament, in an effective
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amount. In some embodiments, the second medicament 1s for elininating or reducing the

severity of one or more adverse events.

10203 In some embodiments, the anti-CD228 antibody or anti-CD228 antibody-drug
conjugate is present in the container as a lyophilized powder. In some embodiments, the
iyophilized powder is in a hermetically sealed container, such as a vial, an ampoule or sachetie,
mdicating the quantity of the active agent. Where the pharmaceutical s administered by
ijection, an ampoule of sterile water for injection or saline can be, for example, provided,
optionally as part of the kit, so that the ingredients can be mixed prior to administration. Such
kats can further include, if desired, one or more of various conventional pharmaceutical
components, such as, for exarple, containers with one or more pharmaceutically acceptable
carriers, additional containers, etc., as will be readily apparent to those skilled in the art. Printed
mstructions, either as inseris or as labels, indicating quantities of the components to be
admunistered, guidelines for adnunistration, and/or guidelines for mixing the components can

also be included n the kit.
X. Other Applications

[0264] The anti-CD228 antibodies described herein, such as humanized anti-CD228,
anttbodies can be used for detecting CD228 in the context of chnical diagnosis or treatment or 1o
research. Expression of D228 on a cancer provides an mdication that the cancer is amenable to
treatment with the antibodies of the present invention. The antibodies can also be sold as
research reagents for laboratory research m detecting cells bearig CD228 and their response to
various stimuli. In such uses, monoclonal antibodies can be labeled with fluorescent molecules,
spin-labeled molecules, enzymes or radioisotypes, and can be provided in the form of kit with ali
the necessary reagents 1o perform the assay for CIB228. The antibodies described herein can be
used to detect CD228 protein expression and determine whether a cancer 1s amenable to
treatment with CD228 ADCs. As an example, the antibodies described herein can be used to
detect CD228 expression on melanoma cells, pancreatic cancer cells, non-small cell hung cancer
cells, thyroid cancer cells, and head and neck cancer cells. The antibodies can also be used to

purify CD228, e.g., by affinity chromatography.
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18205] All patent filings, website, other publications, accession numbers and the like cited
above or below are incorporated by reference in their entirety for all purposes to the same extent
as if each mdividual item were specifically and individually indicated to be so incorporated by
reference. If different versions of a sequence are associated with an accession number at different
times, the version associated with the accession number at the effective filing date of this
application 15 meant. The effective filing date means the earhier of the actual filing date or filing
date of a priotity application referring to the accession number if applicable. Likewise if different
versions of a publication, website or the like are published at different timnes, the version most
recently published at the effective filing date of the application s meant unless otherwise
mdicated. Any feature, step, element, embodiment, or aspect of the invention can be used in
combination with any other unless specifically mdicated otherwise. Although the present
mvention has been described 1n some detad by way of illustration and example for purposes of
clarity and understanding, it will be apparent that certain changss and modifications may be

practiced within the scope of the appended claims.
X1,  Antibody seguences

[9206] CDR sequences:

Antibody CDR-HI CDR-H2 CDR-H3 CDR-L1 CDR-L2 CDR-L3
hid9 SGYWN YISDEGITYYNPSLKS | RTLATYYAMDY | RASQSLVHSDGNTYLH | RVSNRFS SQSTHVFPT
R0 ] (SEQ ID NO:2) (SEQ IDNO3) (SEQ ID N4y (SEQ ID (SEQID
NO:35) NEX5)Y
270-Ala SGYWN YISOSGITYYNPSLKS | RTLATYYAMDY | RASQSLVASDRDGNTYLH | RVSNRFS SQSTRVPPT
(SEGQ ID (SEQ ID NO:2) (SEQ ID NG:3) (SEQ ID NO:5) (SEQ ID (SEQ ID
N1 N:5) NG:6)
27D-CGin SGYWN YISDSGITYYNFSLKS | RTLATYYAMDY | RASQSLVQSDGNTYLH SQSTHVPPT
(ST ID (SEQ D NO:2) (SEG 1D NO:) (SEQ TH NO:10) (SEQ ID
NG H NG:6)
270-Tyr SGYWN YISDSGITYYNPSLKS | RTLATYYAMBDY | RASQSLVYSDGNTYLH SQSTHVPPT
(SEQ ID (SEQ ID N3:2) (SEQ ID NO:3) (SEQ I NO:11) (SEQ D
NQ:1y NO:6)
34-Ala SGYWN YISDEGITYYNPSLKS | RTLATYYAMDY SQSTHVFPT
(SEQ D (SEQ D NO) (SEQ ID NG ¢ (SEO 1D
Ny (SEQID N(G:12) NO:6)
34-(An SGYWN YISDSGITYYNPSLKS | RTLATYYAMDY | RASQSLVASDGNTYLO SQSTRVPPT
(SEQ ID (SEQ ID NO:2) (SEQ ID NO:3) (SEQ ID MO:13 (SEQ I+
NG NG:6)
34Tyt SGYWN YISDSGITYYNFSLKS | RTLATYYAMDY | RASQSLVHSDONTYLY | RVENRFES SQSTHVPPT
(8EQ D {(SEQ D NO:2) (SEQ 1D NO3) (SEQ ID ROy (S8EQ I» (SEQ D
NC:1) NG5 NG:6)
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¥ Al SOYWHN ] VISDSCITYYNPSLKS | RILATY S AMIY | RASGSLVASDGNTYLA | RVSHNRES | SQSTAVEPT
(SEQ ID (SEQ ID NO:2) (SEQ ID NO:3) (SEQ ID NO:13) (SEQ ID (SEQ ID
N0 W5 NO:16)

3X-Gin SGYWN ™ | VISDSGITYYNFSLKS | RTLATYYAMDY | RASQSLVOSDONTYLG | RVSNRES | SQSTOVPPT
(SEC 1D (SEQ ID NO2) (SEQ 1D NO3) (SEQ D NO:LT) (8EQ I (SEQ ID
NO:1) NO:3) NG:18)

3K Tyr SGYWN | YISDSGITYYNPSLES | RILATYYAMDY | RABOSLVYSDUNTYLY | RVSNRES | SOSTYVPPT
(SEQ ID {(SEQ ID NO:2) (SEQ ID NO:3) (SEQ TN NO:19) (SEQ ID (SEQ ID
NO:) NO:5) MO0

{0207} For each of the following variable region sequences, the CIBRs according to the Kabat
numbering scheme are underlined and the CDRs according to the IMGT numbering scheme are
m bold and italics.

[0208]  hL49, 27D-Ala, 27D-Gln, 27D-Tyr, 34-Ala, 34-Gln, 34-Tyr, 3X-Ala, 3X-Gln, 3X-

Tyr- heavy chain variable region:

OVOLOBSGPGLVKPSETLSLTCTVSGDSITSGYWNWIROPPGKGLEYIGYISDSGITY Y NP
SLKSRVTISRDTSKNQYSLKLSSVTAADTAVYYCARRTLATYYAMDYWGQGTLVTVSS
(SEQ ID NO:7)

[0209] hl 49- light chain variable region:

DFVMTQSPLSLPVTLGOPASISCRASOSL VHSDGNTYVEHWYQQRPGOSPRLLIYRVYSNRE
SGVPDRFSGSGSGTDFTLKISRYVEAEDVGVYYCSOSTH YV PPIFGQGTKLEIK (SEQ ID
NO:8)

{02106} 27D-Ala- light chain variable region:
DFYVMTQSPLSLPVTLGOPASISCRASOSLVASDGNTYLHWY QORPGOSPRLLIYRYVSNRE
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTH Y PPIFGQOGTKLEIK (SEQ ID
NO:21)

{0211} 27D-Glan- light chain variable region:
DFVMTQSPLSLPVTLGQPASISCRASOSLVOSDOGNTYLHWYQQRPGOSPRLLIYVEVSNRE
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTH Y PPIFGQGTKLEIK (SEQ ID
NG:22)

{6212} 270-Tyr- light chain variable region:
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DFYVMTQSPLSLPYVTLGOPASISCRASOSLY YSDGNTYLAW YQQRPGOSPRLLIY RVENRF
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTHYPPTFGQGTKLEIK (SEQ ID
NO:23)

[0213] - Hght chain variable region:

10214} 34-Ala- light chain variable region:
DEVMTOSPLSLPVTLUGQPASISCRASOSLVHSDGNTYLAWYQORPGQSPRLLIVRYSNRE
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTHVEPTFGOGTKLEIK (SEQ ID
NO:24)

8215} 34-Gln- light chain variable region:
DFVMTQOSPLSLPVTLGOPASISCRASQOSLVHSDGNTYLOWYQQRPGQSPRLLIYRVSNRE
SGYPDRFSGSGSGTDFTLEKISRVEAEDVGVYYCSOSTHVEPTFGOGTKLEIK (SEQ ID
NO:25)

{0216} 34-Tyr- light chain varable region:
DEVMTQSPLSLPYVTUGQPASISCRASOSLVHSDGNTYLYWYQQRPGQSPRLLIYRYSNRY
SGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCSQSTHVPPTFGOGTKLEIK (SEQ ID
NO:26)

10217} 3X-Ala- light chain variable region:
DEVMTOSPLSLPVTLGGPASISCRASQSLVASDGNTYLAWYQGQRPGOSPRLLIVEVSNRE
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTAVPPTFGOGTKLEIK (SEQ 1D
NQ:2Z7T)

0218} 3X-Gln- light chain variable region:
DEVMTOSPLSLPVTLGGPASISCRASQSLVOSDGNTYLOWYQORPGOSPRLLIYRIVSNRE
SGYPDRFSGSGSGTIDFTLKISRVEAEDVGVYYCSOSTOVPPIFGQGTKLEIK (SEQ ID
NO:28)

19219} 3X-Tyr- light chain variable region:
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DFYMTQSPLSLPYVTLGOPASISCRASOSLY YSDGNTYLY WYQQRPGOSPRLLIYRVENRF
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSOSTYVPPTFGOGTKLEIK (SEQ ID
N(:29)

[0220]  hL49, 27D-Ala, 27D-Gln, 27D-Tyr, 34-Ala, 34-Gln, 34-Tyr, 3X-Ala, 3X-Gln, 3X-

Tyr- framework regions:
HC-FR1: QVQLOESGPGLVEPSETLSLTCTVSGDSIT (SEQ ID NO:33)
HC-FR2: WIRQPPGKGLEYIG (SEQ ID NO:34)
HC-FR3: RVTISRDTSKNQYSLKLSSVTAADTAVYYCAR (SEQ ID NO:35)
HC-FR4: WGQGTLVTVSS (SEQ ID NO:36)
LC-FRI: DFYMTQSPLSLPYVTLGQPASISC (SEQ 1D NO:373
LC-FR2: WYQQRPGOSPRLLIY (SEQ ID NO:38)
LC-FR3: GYPDRFSGSGSGTDFTLKISRVEAEDVGVYYC (SEGQ ID NG:39)
LC-FR4: FGOGTKLEIK (SEQ 1D NO:40)

{8221} The invention will be more fully understood by reference to the following examples.
They should not, however, be construed as limiting the scope of the invention. It is understood
that the examples and embodiments described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be suggested to persons skilled in the art
and are to be included within the spirit and purview of this application and scope of the appended

claims.
EXAMPLES

Example 1: CD228 Expression in Cancer Cell Lines

{0222} Quantification of CD228 copy number on the cell surface of various cancer cell lines
was determined using a murine CDB228 mAb as prirary antibody and the DAKO QiFiKit flow
cytometric indirect assay as described by the manufacturer (DAKO A/S, Glostrup, Denmark) and
evatuated with a Attune NxT Flow Cytometer. The resulting number of CD228 molecules

expressed per cell are shown in Table 1.
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Table 1. CD228 molecules per cell for various cell lines

Cell Line

Number of CD228 molecules per cell

AZ058 51,600
RPMI-7951 {0
PRMI-7951 + CID228 400,000
SK-MEL-5 134,000
SK-MFL-28 450,000
Colol53 92,600
IGR37 24,000
A37S 16,000
HPAF-U 34,000
COLORIE 21,0000
H3677 40,000
IGR39 6,200
MALME3M 149,754
SH4 166,000
SK-MEL-2 264 197
SK-MEL-24 151,000
SK-MEL-3 26,000
WM115 1,000
WM266.4 46,700
JL-1 185,708
MNCI-H2452 908,219
NCE-H2052 334 559
MSTOZ11h 9,416
SW1463 18,683
SWilié 59,064
SW48 16,776
SW480 11,197
SK-CO-1 104,398
T84 28,486
Colo20S 4,084
HCTIS 3,701
HCT116 40,466
LoVo 7,441
LS1747 667
Calgdsi 175,893
HCCT0 91,994
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HCC1937 10,467
HCCH143 115,430
MDA-MB-231 174,640
BT-474 968
SK-BR-3 1,722
HT1080 35,224
Capanl 19,250
A549 18,799
CorlL23 47 446
Caly-1 59,000
Sk-Mes-1 18,000
NCIH226 843,430
N{IH441 79,460
CORLIOS 236,804
92-1 7,879
Mei202 12,527
MP45 14,733
MP41 23,07
MP6S 51,397
MBR28 108 400

Example 2: pH depending binding of anti-CD228 antibodies

{0223} The ability of various anti-CD228 antibodies to bind to CD228 was evaluated at pH
values ranging from 4.55 to 7.4 using a standard ELISA protocol. Briefly, 100 ng of human
CD228 (R&D Systems Custom02; Lot DCWRO21505A) or BSA (Sigma; Catalog No. A7030-
100G) were diluted in PBS and added to each well overnight at 4°C. Plates were then washed
three times with PBS-T (EMD Millipore; Catalog No. 5246531EA). After washing, plates were
blocked with 3% (w/v) BSA in PBS-T for 1 hour at room temperature. Excess blocking buffer
was then removed and the primary antibody was added 1n 3-fold dilutions in diluent buffer
{0.15M citrate-phosphate buffer pH 4.0-7.5) starting at an antibody concentration of 60 nM.
After incubating for 1 hour at room temperature, the plates were washed 3 times and then
mcubated with secondary antibedy {Goeat anti-human IgG Fe-specific HRP-conjugated, Jackson
ImmunoResearch code # 109-035-098) in PBS-T with 1% BSA. After incubating for 30 minutes
at room temperature, plates were washed 3 times. 100 ul TMB substrate (Life Technologies; Cat

# 002023) was then added to each well. After incubating 10 minutes at room teraperature, 100
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wl H2SO4 was added to each well to stop the reaction, plates were covered with clear plate seal
and read on an Envision at 450 oM. pH-dependent binding for hi.49 and nine variants with
histidine substituted to alanine, glutamine, or tyrosine in the light chain CDRs are shown in FIG.
1A-11. The resulting ECso for each antibody is shown in Table 2. hL49 27D mutants (27D Ala,
270 Tyr, and 27D Gin) have stronger affinity than hi49 in this assay. hl.49 34 mutants

{34 Ala and 34 Gln) have smular affiruty to h1.49 at pH 7 4, but bave stronger atfinity at pH

6.3. The triple mutants have lower affinity overall compared to hlA49,

Table 2: ECso for each antihody 1 nM

. EC50 - ELISA
hid9 variants
pH455 | pH560 | pH6.30 | pH 740

hiL49 WT - ~ 13560 1.78
hidg 270 Ala 480.00 9.14 0.99 0.55
hidS 27D Tyr 335.20 5.16 0.96 072
hid49 27D Gin 364.70 17.33 1.48 (.68
hL49 34 Ala 270.80 16.47 1.20
hid49 34 Gin - 169.20 23.35 1.85
hid49 _3X _Als 107.90 405.00 7377 448
hL49 3X Tyr 74.56 543
hid9 3X Gin - - 52.60 14.56

Example 3: On-cell binding of anti-CD228 antibodies at neutral pH
18224} The ability of various anti-CD228 antibodies to bind to CID228 on A375 cells, A2058
cells, and CD228 protein was evaluated at neutral pH using a saturation binding assay. Briefly,
1x10° A2058 or A375 cells that have either 40,000 or 18,000 copies of CD228 respectively, were
aliquoted per well of a 96-well v-botiom plates. Hach U228 antibody was added in
concentrations ranging from 0.66 pM to 690 nM and incubated on ice for 60 nunutes. Cells were
pelleted and washed 3X with PBS/BSA followed by addition of 10 ug/ml of a PE labeled anti-
human lgG goat secondary antibody and incubated on ice for an additional 60 minutes. Cells
were pelleted and washed 3X with PBS/BSA and resuspended i 125 gl of PBS/BSA

Fluorescence was analyzed by flow cytometry, using percent of saturated fluorescent signal to
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determine percent bound and to subsequently calculate apparent Kp. The resulting ECso for each
anttbody 15 shown in Table 3. The histidine 34 variants (34 Als, 34 Gln, and 34 Tyr} show
lower affinity on cells than histidine 27D varianis or the 3X histidine variants. The histidine 34
variants show large differences for substitutions with alanine, glutamine, and tyrosine.
Surprisingly, the 3X mutants have a large difference in affinity between on-cell binding and the

ELISA assay.

Table 3: ECso for each antibody in oM

34 270 3x
hl4%

Aa | Gin | Ty Ala | Gin| Ty | Ala | GlIn i Tw

A3T5 Cells ) , ,
(~18K receptors) 1.4 16 55 780 11108 L1 14 ] 211241

AZ058 Cells 449 4

(~40K receptors) 0.6 13 121 11120810547 108 13113
Protein (ELISA) 1.8 12087 - 1081070745 148 54

Example 4: In vitro cytotoxicity of anti-CD228 antibody drug conjugates

[8225] Tumor cells were mcubated with CD228 antibody-drug conjugates comprising the
mdicated anti-CD228 antibody, a hnker, and MMAE for 96-144 hours at 37 °C. Cell viability
was measured using Cell Titer Glo according to manufacturer’s instructions. Fluorescent signal
was measured on a Fusion HT fluorescent plate reader (Perkin Elmer, Waltham, MA). The data
was normalized to untreated cells, and x50 values were calculated using Graph Pad software.
The number of CD228 molecules per cell and the percent viable cells remaining at highest dose
is shown in Table 4. The resulting percent of viable cells for A2058 cells treated with anti-
D228 antibody-drug conjugates at various concentrations are shown in FIG. 2. The maximum
percent killing 1s particularly different for hL49 34Ala. Other mutants do not have higher 1Cso
values, but show more gverall killing (number in parentheses in Table 4).

Table 4: 1{3 for each antibody in 1M and percent overall killing for each antibody-drug

conjugate
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PLAS_ 37D _Ala-hLeS_27D_GIn{hldd 270 _Twr-{hl48 34_Slainied 34 Glalhidd 34 Tye 48 3x_Ala-{hLdd_3x_Ginihid9_3< Ty
_Celibing | ML4S-ABC ARe /DG ADG AOG Apg ADG ABC ARG AnC

AJTS 2000 ey =2000(59%: | 1374500 | 1e000s0% | 8583136 § 1102.(17%) | »2000 (et | 1304 185%) | 1617 (52%) | 1144 (19%)

GRA7_ L e | ST omw 25 (20%) 2a20 | spasw §o10ands |osTe et | 1e20iew 218 pete | 100 (11%)

Azosa |oatgEeer | 1730 13 (255 15.(30%) 7eaey  dteammrin |z baeonezwal ssoswl s2oW
Colofsy | 4 (%) 3{18%) 2 {25%) 2 (30%) 4 {17%) 7T 84{15%0 | 10(20%) | 1E(15%) 1 4(18%)
SKMeB | 2018% 2{15%} 2 {19%; % (15%) 3{13%) {125} 82 {159 G013%) 1 10(IR%) | §(13%)
SKMels | 321 FRPELD) 3 (24%) 3 (25%) 2{27%) 4 {28%) 28 {24%4) 5i2u%) | 4@ 5 (2%}

Example S: Internalization of anti-CD228 antibedies

18226} Anti-CDZ28 antibodies were assessed for their ability to internalize and catabolize the
flucrescent motety AF647. Colo853 cells were treated with anti-CD228 antibodies that were
conjugated to QF01, which 1s comprised of the quenching agent Tide Quencher SWS
succinimidyl ester (TQSWS) linked to a CyS fluorophore via a glucuronide hoker (gluc) at an
approximate ratio of 2 roolecules per antibody. CyS remains quenched when i s mitact on the
antibody and will only be fluorescent when it s cleaved away trom the TQSWS quencher. 2
ug/mi of labeled anti-CD228 antibodies were washed after 30 minutes to remove unbound
{abeled anti-CD228 antibodies. Tumor cells were incubated with anti-CD228 antibodies and
imaging assays were conducted to determine the tfluorescence ntensity per cell over time.

Experiments were performed in triplicate and the results are shown in FIG. 3A-3C.

[8227] For continuous exposure conditions, Colo833 cells were treated with anti-CD228
antibodies that were conjugated to a QF01, which 1 comprised of the quenching agent Tide
Quencher SWS succimmudyi ester (TQSWS) linked to a CyS fluorophore via a glucuronide
finker {gluc) at an approximate ratio of 2 molecules per antibody. As described n the previous
section, Cv3 remains quenched when 1t 13 intact on the antibody and will only be fluorescent
when it 15 cleaved away from the TQSWS quencher. 2 ug/ml of antibody~-(QFOT was then added
and allowed o bind to cells. Unbound labeled hL.49 antibodies were not washed from the cells.
Tumor cells were incubated with anti-CD228 antibodies and rmaging assays were conducted to
determine the fluorescence intensity per cell over time. Fxperiments were performed in triplicate

and the results are shown in FIG. 3D-3F.
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19228} These experiments demonstrate that hL4%9 34Ala has better overall internalization
than k149 hL49 347Tyr exhibited worse internalization in bind and wash condttions, but better

internalization in continuous exposure conditions.

Example 6: Binding kinetics of anti-CD228 antibodies

[0229] The binding kinetics of hL49, h1.49 34Ala, and hL.49 Tyr were determined using
BisbLayer Interferometry (BLI) technology in an Octet Red 384 mstrument using the antibodies
as the ligands and the antigen as the analyte. The Octet results of hL49, hL.49 34Ala, and

hL.49 34Tyr are shown in FIG. 4A-C. As shown in Table 3, the binding kinetics determined
using Octet suggest that the two histidine 34 mutants have reduced affinity overall hi.49 34Ala
has a faster on-rate but a slower off-rate compared to wild-type hL49. In contrast, hi.49 34Tyr
has a slower on-rate but a similar off-rate compared to wild-type hL.49, which may explan its

reduced affinity on cells.
Table 5. Binding kinetics of anti-CD228 antibodies

Sample ID KD (M) KD Error kon(1/Ms) kon Error kdis{1/s}) kobs{1/s)

Example 7: In Vivo Activity of anti-CD228 ADCs

(6230} Nude {(nu/no} mice (6 antmals/group) were implanted with 1x10° cultured A375,
1x10° or 2.5x10° AZ0S8 tumor cells in 25% matrigel. Dosing with Img/kg test ADC began
when tumors reached 100 nun® (single dose intraperitoneal injections). Tumor volumes were
monitored using calipers and anmimals were euthanized when tumor volume reached ~1000 mm3.
Mean tumor volume plots were continued for each group until one or more amimals were
euthanized (FIG. SA-5D). All animal procedures were performed under a protocol approved by
the Institutional Animal Care and Use Commuttee in a facility accredited by the Association for

Assessment and Accreditation of Laboratory Amimal Care.
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18231} In the A2038 xenograft model, which has a moderate amount of CD228 expression,
the anti-tumor activity was similar between hi.49 and the two mutant ADCs (hL£.49 H34A and
h1.49 H34Y). This activity was maintained when the ADCs were conjugated with two different
ADC linkers and pavloads (FIG. 5A and 35C). 1n the lower CD228 expressing cell line-derived
tumor xenograft (CDX) model, A375, the hL.49 mutant ADCs had slightly inferior activity to
H1.49 when conjugated with the MDpr-PEG(1 2}-gluc-MMAE (8) linker/payload (FIG. 5D} In
the same model, the h1.49 H34A mutant antibody had similar anti-tumor activity to hL49 when
conjugated to an impermeable payload (Auristatin T) whereas the hi49 H34Y mutant antibody
lost all anti-tumor activity with this pavioad (FIG. 3B). These results suggest that antibody
binding characteristics have unique influences on ADC activity that 1s dependent on both CD228

expression levels as well as inker and payload selection.
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CLAIMS

1. An isolated anti-CD228 antibody, or antigen-binding fragment thereof, comprising a heavy
chain variable region and a light chain variable region, wherein the heavy chain variable region
COMPrises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;

(1) a CDR-H2 comprising the anine acid sequence of SEQ 1D NO:Z; and

(i1} a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:4;

(1) a CDR-LZ comprising the amino acid sequence of SEQ D NO:5; and

(11} a CDR-L3 comprising the amino acud sequence of SEQ ID NO:6, wherein at least

one histidime residue in a light chain CDR 1s substituted with a different aroino acid.

2. The antibody or antigen-binding fragment of claim 1, wherein the heavy chain variable region
comprises an amino acid sequence having at least 95% sequence dentity to the amino acid
sequence of SEQ TD NG: 7 and the light chain variable region comprises an aroino acid sequence

having at feast 95% sequence identity to the ammo acid sequence of SEQ 1D NG: 8.

3. The antibody or antigen-binding fragment of claim 1 or claim 2, wherem the heavy chain
variable region comprises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ ID NG

{11} a CDR-H2 comprising the anmino acid sequence of SEQ H3 NO:2; and

(i1} a COR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:

(i) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:9;

(i1} a CDOR-L2 comprising the anino acid sequence of SEQ ID N(O:5; and

(111} a COR-L3 comprising the aming acid sequence of SEQ ID NO6.
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4. The antibody or antigen-binding fragment of claim 3, wherein the heavy chain variable region
comprises the amine acid sequence of SEGQ 1D NO: 7 and the light chain vanable region
comprises the amino acid sequence of SEQ 1D NG:21.
3. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain
variable region comprises:

(1) a CDR-HI comprising the amino acid sequence of SEQ ID NG:

(1) a CDR-H2 comprising the amino acid sequence of SEQ 3 NO:2; and

(11} a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:3; and
wherein the hight chain vanable region comprises:

(1) a CBR-L1 comprising the amino acid sequence of SEQ 1D NO:10;

(1) a CDR-L2 comprising the amino acid sequence of SEQ ID NO:5; and

(111} a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6

6. The antibody or antigen-binding fragment of claim 5, wherem the heavy chain variable region
comprises the amino acid sequence of SEQ ID NO: 7 and the light chain variable region

comprises the amino acid sequence of SEQ 1D NO:22.

7. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain
variable region comprises:

(i) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;

{11} a COR-H2 comprising the amno acid sequence of SEQ 1D NO:2; and

(111} a COR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:11;

(it} a CDR-L2 comprising the amino acid sequence of SEQ ID NO:S; and

(1) a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6.

8. The antibody or antigen-binding fragment of claim 7, wherein the heavy chain variable region
comprises the amine acid sequence of SEG 1D NO: 7 and the light chain vanable region

comprises the amino acid sequence of SEQ 1D N(O:23.
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9. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain
variable region comprises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ ID NG

(1) a CDR-H2 comprising the aming acid sequence of SEQ 1D NO:2; and

(11} a CDR-H3 comprising the amino acid sequence of SEQ 1D NO:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amno acid sequence of SEQ ID NO:12;

(1) a CDR-L2 comprising the amino acid sequence of SEQ 1D NO:3; and

(11} a CDR-L3 comprising the amino acid sequence of SEQ ID NO:6,

10. The antibody or antigen-binding fragment of ¢laim 9, wherein the heavy chain variable
region comprises the amino acid sequence of SEQ ID NO: 7 and the light chain variable region

comprises the amino acid sequence of SEQ 1D NO:24.

11. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain
variable region comprises:

(i) a CDR-H1 comprising the amino acid sequence of SEQ ID NO:1;

(i) a CDR-H2 comprising the amino acid sequence of SEQ 113 NO:2; and

(i11} a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO:13;

{11} 8 CDR-L2 comprising the anuno acid sequence of SEQ 1D NO:S; and

(111} a COR-L3 comprising the aming acid sequence of SEQ ID NO:6.
12. The antibody or antigen-binding fragment of claim 11, wherein the heavy chain variable

region comprises the aning acid sequence of SEQ ID NO: 7 and the light chain variable region

comprises the amino acid sequence of SEQ 1D NO:25.
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13. The antibedy or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain
variable region comprises:

(1) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;

{(it) a CDR-H2 comprising the amino acid sequence of SEQ [D NO:2; and

(1) a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region coroprises:

(1) a CDR-L1 comprising the amino acid sequence of SEQ ID NO:14;

(i1} a CDR-L.2 comprising the anmino acid sequence of SEQ ID NG:S; and

(11} a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:6.

14, The antibody or antigen-binding fragment of claim 13, wherein the heavy chain variable
region comprises the amino acid sequence of SEQ ID NG: 7 and the light chan vanable region

comprises the amino acid sequence of SEQ D NG:26.

15, The antibody or antigen-binding fragment of ¢laim 1 or claim 2, wherein the heavy chain
variable region comprises:

(1) a CDR-H1 comprising the ammno acid sequence of SEQ ID NO:;

(i1) a CDR-H2 comprising the aming acid sequence of SEQ ID NO:Z; and

(i1} a CDR-H3 comprising the amino acid sequence of SEQ ID NO3; and
wherem the light chain variable region comprises:

{1} a CDR-L1 comprising the amino acid sequence of SEQ D NO:15;

(1) a CDR-LZ comprising the amino acid sequence of SEQ 1D NO:S; and

{11} a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:16.

16. The antibody or anfigen-binding fragment of claim 13, wherein the heavy chain variable
region comprises the aminoe acid sequence of SEQ 1D NO: 7 and the light chain variable region

comprises the amine acid sequence of SEQ 1D NG:27.

17. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain

variable region comprises:
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(1) a CDR-H1 comprising the amino acid sequence of SEQ 1D NO:1;
(it} a CDR-H2 comprising the amino acid sequence of SEQ [D NO:2; and
{111} a CDR-H3 comprising the amino acid sequence of SEQ 1D NG:3; and
wherein the light chain variable region comprises:
(1) a CDR-L1 comprising the amino acid sequence of SEQ 1D NO: 17,
; and

>

(11} a CDR-L3 comprising the amino acid sequence of SEQ 1D NG: 18

(i1} a CDR-L.2 comprising the anuno acid sequence of SEQG D NG:S

18. The antibody or antigen-binding fragment of claim 17, wherein the heavy chain variable
region comprises the aminoe acid sequence of SEQ 1D NO: 7 and the light chain variable region

comprises the amino acid sequence of SEQ ID NO:28.

19. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the heavy chain
variable region comprises:

(1) a CDR-H1 comprising the amno acid sequence of 8EQ ID NG,

(1) a CDR-H2 comprising the amine acid sequence of SEQ ID N 2; and

(11} a CDR-H3 comprising the amino acid sequence of SEQ ID NO:3; and
wherem the light chain variable region comprises:

{1} 2 CDR-L1 comprising the amino acid sequence of SEQ ID NOI19;

(i1) a CDR-LZ comprising the amino acid sequence of SEQ 1D NO:S; and

{111} a CDR-L3 comprising the amino acid sequence of SEQ 1D NO:20.
20. The antibody or antigen-binding fragment of claim 19, wherein the heavy chain variable
region comprises the amine acid sequence of SEQ I NO: 7 and the light chain variable region

comprises the amino acid sequence of SEQ 1D NG 29,

21. The antibody or antigen-binding fragment of any one of claims 1-20, wherein the antibody or

antigen-binding fragment 1s an antigen-binding fragment.
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22. The antibody or antigen-binding fragment of claim 21, wherein the antigen-binding
fragment 1s selected from the group counsisting of Fab, Fab’, F{ab ™y, Fab’-SH, Fv, diabody,

linear antibody, and single-chain antibody fragment.

23. The antibody or antigen-binding fragment of any one of claims 1-20, wherein the antibody

or antigen-binding fragment is a full-length antibody.

24. The antibody or antigen-binding fragment of claim 23, wherein the heavy chain varable
region 18 fused to a heavy chain constant region and the light chain variable region 5 fused toa

fight chain constant region.

25, The antibody or antigen-binding fragment of claim 24, wherein the heavy chain constant

region 15 of the IgG1 sotype.

26. The antibody or antigen-binding fragment of claim 24 or claum 25, wherein the heavy chain
constant region has an amino acid sequence comprising SEQ 11 NG:30 and the hight chain

constant region has an amino acid sequence comprising SEQ D NG:32.

27. The antibody or antigen-binding fragment of claim 24 or 25, whergin the heavy chain
constant region is a mutant form of a natural human constant region which has reduced binding

to an Fegamma recepior relative to the natural human constant region.

2&. The antibody or antigen-binding fragment of claim 24 or 25, whereain the heavy chain
constant region has an aming acid sequence comprising SEQ 1D NO:31 (8239C) and the light

chain constant region has an amino acid sequence comprising SEQ D NO:32.

29. An antibody-drug conjugate comprising the antibody or antigen-binding fragment of any one

of claims 1-28 conjugated to a cytotoxic or cytostatic agent.
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30. The antibody-drug conjugate of claim 29, wherein the antibody or antigen-binding fragment

is comjugated to the cytotoxic or cyiostatic agent via a linker.

The antibody-drug conjugate of claim 30, wherein the hinker 1s a MDpr-PEG{12}-gluc

finker.

32. The antibody-drug conjugate of any one of claims 29-31, wherein the cytotoxic or cytostatic

agent 1s a monomethyl auristatin,

33, The antibody-drug conjugate of claim 32, wherein the monomethyl auristatin s monomethyl
auristatin E {(MMAE}.

34, The antibody-drug conjugate of claim 33, wheren the linker 1§ atiached to monomethyl

auristatin E forming an antibody-drug conjugate having the structure:

? \EF g Oy
AA L N"-x
Ny ”Ww ‘r j
Ma O - Me OMed CHLG

o
e et et EE

wherein Ab 15 the antibody or antigen-binding fragment, n is 12, RP® is hydrogen, RY 15 CHs,

and p denotes a number from 1 to 16,
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35. The antibody-drug conjugate of claim 34, wherein the average value of p in a population of

the antibody-drug conjugate is about §

36. The antibody-drug conjugate of any one of claims 1-22, wherein the antibody-drug

conjugate is represented by the structure:
/ \
/ \
AbTC Q ‘1
\ ‘l\r e j\w *w ~ T Ny

\ “‘(‘ha(, Ox‘H \® P /
\ JA
or a pharmaceutically acceptable salt thereof, wherein:
Ab is the antigen binding protein or fragment thereof and p denotes a number from 110 12;
subscript nn 15 a number from 1 1o 3;
subscript 8’ is 0, and A’ is absent;
Pi, P2, and P3 are each an amino acid, wherein:
a first one of the amino acids P1, P2, or P3 15 negatively charged;
a second one of the amino acids P, P2, or P3 has an aliphatic side chain with
hydrophobicity no greater than that of leucine; and
a third one of the amino acids Pi, P2, or P3 has hyvdrophobicity lower than that of
leucine,
wherein the first one of the aming acids P1, P2, or P3 corresponds to any one of P1, P2,
or P3, the second one of the amino acids P1, P2, or P3 corresponds to one of the two remaining
amuno acids P1, P2, or P3, and the third one of the amino acids P1, P2, or P3 corresponds to the
fast remaining amino acids P, P2, or P3,

provided that -P3-P2-P1~ 15 not -Glu-Val-Cit~ or ~Asp-Val-Cit-.

37. The antibody-drug conjugate of claim 36, wherem subscript nn s 2
38 The antibody-drug conjugate of claim 36 or 37, wherein:

the P3 amino acid of the tripeptide 1s in the D-amino acid configuration,
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cne of the P2 and P1 amino acids has an aliphatic side chain with hydrophobicity lower
than that of leucine; and

the other of the P2 and P! amino acids is negatively charged.

39, The antibody-drug conjugate of any one of claims 36-38, wherein the P3 anuno acid 1s D-
Leuor D-Ala.

40, The antibody-drug conjugate of any one of claims 36-39, wherein the P3 amino acid 1s D-

Leu or -Ala, the P2 amino acid 15 Ala, Glu, or Asp, and the P1 amino acid s Ala, Glu, or Asp.

41, The antibody-drug conjugate of any one of claims 36-40, wherein -P3-P2-P1- is -D-Leu-

Ala-Asp-, -D-Leu-Ala-Glu-, -D-Ala-Ala-Asp-, or -D-Ala-Ala-Glu-.

42, The antibody-drug conjugate of any one of claims 36-41, wheremn -P3-P2-P1- 15 -D-Leu-
Ala-Glu-,

43, The antibody-drug conjugate of any one of claims 36-42, wherein the antibody-drug

comjugate is represented by the structure:
/

o] x
,‘f o o - \/'\O/JL\ : N
40 H : i o
\ VN\//\\”/N /li\N/}\[rN\r/U\N/ = C AL QCH, © OCH, ©
H z H
. o \

o~

Ie]

\_/
» Q/
e
7
<“' 2
N7

Ab-f=-
{
/
|
i
\

\ i COH /
or a pharmaceutically acceptable salt thereof,
wherein Ab is the antigen binding protein or fragment thereof and p denotes a number from 1 to

12.

44, A nucleic acid encoding the heavy chain vanable region and/or the light chain variable

region as defined by any one of claims 1-28.
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45, A vector comprising the nucleic acid of claim 44,

46. The vector of claim 45, wherein the vector is an expression vector.

47, A host cell comprising the nucleic acid of claim 44

48. The host cell of claim 47, wherein the host cell 15 a Chinese hamster ovary (CHO) cell.

49, A method of producing an ant-CD228 antibody or antigen-binding fragment thereof
comprising culturing the host cell of claim 47 or 48 under a condition suitable for production of

the anti~ CD228 antibody or antigen-binding fragment thereof.

50. The method of claim 49, further comprising isolating the anti-CD228 antibody or antigen-

binding fragment thereof produced by the host cell.

51, A method of producing an anti- CD228 antibody-drug conjugate comprising culturing the
host cell of claim 47 or 48 under a condition suitable for production of an anti-CB228 antibody;
isolating the anti-C D228 antibody produced from the host cell; and conjugating the anti-CD22

antibody 1o a cytotoxic or cytostatic agent.

52. The method of claim 51, wherein the anti-CI228 antibody is conjugated to the cytotoxic or

cytostatic agent via a linker.

53. The method of claim 52, wherein the linker is a MDpr-PEG(12)-gluc linker.

534, The method of any one of claims 51-53, wherein the cytotoxic or cytostatic agent is a

moncmethy! auristatin.

55. The methed of claim 54, wherein the monomethy! auristatin 18 monomethyl auristatin E

(MMAE).
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56. The methed of claim 55, wheren the linker is attached to monomethy! auristatin E forming

an antibody-drug conjugate having the structure:

COH o N0 ¢ GH

HO, e AR N PPN
. . , o 3}* ‘, \N /\T, =

] N

i (] R \[ =l

/ gy ,»,J Me O l Me OMeO CHO O ki\

; :w;o l‘) e - ‘i
!‘ OF - O NH {
Il 0 OVNH - ( ;5

s \
Ab’vé;,f\f /Lf\;’%/\;\;){\f/\(}“} =1 ’j
H } /
’I

wherein Ab is the antibody or antigen-binding fragment, n is 12, R™® is hydrogen, R?! is CHs,

and p denotes a number from 1 to 16,

57. The method of claim 56, wherein the average value of p 1 a population of the antibody-drug

conjugate 15 about 8.

38. The method of claim 55, wherein the linker 1s attached to monomethyl auristatin E forming

an antibody-drug conjugate represented by the structure:

/; “ \
e )
ﬂ R H{}fi S \QXL O /

or a pharmaceutically acceptable salt thereof, wherein:
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Ab 1s the antigen binding protein or fragment thereof and p denotes a number from 1 to 12;
subscript nn is a number from 1 10 S;
subscript a’ 15 0, and A’ is absent;
Pi, P2, and P3 are each an amino acid, wherein:

a first one of the amine acids P1, P2, or P3 is negatively charged;

a second one of the amino acids P1, P2, or P3 has an aliphatic side chain with
hydrophobicity no greater than that of leucine; and

a third one of the amino acids P1, P2, or P3 has hydrophobicity lower than that of
feucine,

wherein the first one of the amino acids P1, P2, or P3 corresponds to any one of P1, P2,
or P3, the second one of the amino acids Pi, P2, or P3 corresponds to one of the two remaining
anino acids P, P2, or P3, and the thurd one of the amino acids PI, P2, or P3 corresponds to the
last remaining amuno acids P1, P2, or P3,

provided that -P3-P2-P1- 15 not ~Glu-Vab-Cit- or -Asp-Val-Cit-.
59, The method of claim 58, wherein subscript nn s 2.
60, The method of claim 58 or 59, wherein:

the P3 amuno acid of the tripeptide 13 in the D-amino acid confignration;

one of the P2 and P1 amino acids has an aliphatic side chain with hydrophobicity lower
than that of leucine; and

the other of the P2 and P1 amino acids is negatively charged.

61. The method of any one of claims 58-60, wherein the P3 amino acid 15 D-Leu or D-Ala.

62. The method of any one of claims 58-61, wherein the P3 amino acid 13 D-Leu or D-Als,

the P2 amino acid is Ala, Glu, or Asp, and the P1 amino acid s Ala, Glu, or Asp.

63. The method of anvy one of claims 58-62, wherein -P3-P2-P1- is -D-Leu-Ala-Asp-, -D-

Leu-Ala-Glu-, -D-Ala-Ala-Asp-, or -D-Ala-Ala-Gla-.
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4. The method of anvy one of claims 58-63, wherein -P3-P2-P1- is -D-Leu-Ala-Glu-.

65. The method of any one of claims 38-64, wherein the antibody-drug conjugate is

represented by the structure;

7 \
Ab'}éfs e H i ™ (7 ¥ i \
f >‘ ~ g ) o ’V\O"ﬁ\e\: Mo )Y\N /“—\{/Lyr\s\é/g\/ )
1 J\N/LK}E\//U\ | b PN OCH; © ¢z \
H :

[[ &x"*\/\ /“} f;’f' ! OGH; ©
L i I\ g

3 |
\ YT L '
\ ' COpH //:3

or a pharmaceutically acceptable salt thereof,

O

wherein Ab s the antigen binding protein or fragment thereof and p denotes a number from 1 to

1z,

66. A method of treating cancer in a subject, the method comprising administering to the subject
the anitbody or antigen-binding fragment of any one of claims 1-28 or the anttbody-drug

conjugate of any one of claims 29-43.

67. The method of claim 66, wherein the subject has been previously treated with one or more
therapeutic agents and did not respond to the treatment, wherein the one or more therapeutic

agents is not the antibody, antigen-binding fragment, or antibody-drug conjugate.

68, The method of claim 66, wheremn the subject has been previpusly treated with one or more
therapeutic agents and relapsed after the treatment, wherein the one or more therapeotic agents is

not the antibody, antigen-binding fragment, or antibody-drug conjugate.

69, The method of claim 66, wherein the subject has been previously ireated with one or more
therapeutic agents and has experienced disease progression during treatment, wherein the one or
more therapeutic agents is not the antibody, antigen-binding fragment, or antibody-drug

conjugate.
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70. The methed of any one of claims 66-69, wherein the cancer is an advanced stage cancer.

71. The method of claim 70, wherein the advanced stage cancer is a stage 3 or stage 4 cancer.

72. The method of claim 70 or 71, wherein the advanced stage cancer 1s metastatic cancer.

73. The method of any one of claims 66-72, wherein the cancer is recurrent cancer,

74. The rmethod of any ovne of claims 66-73, wherein the cancer 15 unresectable,

7S, The method of any one of claims 66-74, wherein the subject received prior treatment with

standard of care therapy for the cancer and failed the prior treatment.

76, The method of any one of claims 66-75, wherein the cancer 15 selected from the group
consisting of melanoma, pancreatic cancer, mesothelioma, colorectal cancer, lung cancer, thyroid

cancer, breast cancer, chohangiocarcinoma, esophageal cancer and head and neck cancer,

77. The method of claim 76, wherem the cancer is melanoma.

77
N

78. The method of claim wherein the melanoma is cutaneous melanoma.

79. The method of claim 78, wherein the cutanecus melanoma is selected from the group
consisting of superficial spreading melanoma, nodular melanoma, acral lentiginous melanoma,
ientigo maligna melanoma, and desmoplastic melanoma.

80. The method of claim 79, wherein the acral lentiginous melanoma is subungual melanoma.

81. The method of any one of claims 78-80, wherein the subject received prior therapy with an

inhibitor of PD-1 or PD-L1.
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82. The method of claun 81, wherein the subject received prior therapy with an inhibitor of PD-

83. The method of claim 77, wherein the melanoma is sub-cutaneous melanoma.

84. The method of claim 83, wherein the sub-cutaneous melanoma 1s ocular melanoma or

mucosal melanoma.

85. The method of claim 77, wherein the melanoma 15 non-cutaneous melanoma.

86. The method of claum 76, wherein the cancer i1s mesothelioma.

87. The method of claim 86, wherein the mesothelioma is selected from the group consisting of
pleural mesothelioma, peritoneal mesothehoma, pericardial mesothelioma, and testicular
mesothelioma.

88, The method of claim &7, wherein the mesothelioma is pleural mesothelioma.

89. The method of claim 88, wherein the subject has received prior therapy with a platinum-

based therapy.

90. The method of claim 89, wherein the platinum-based therapy is cisplatin.

91. The method of any one of claims 88-90, wherein the subject received prior therapy with

pemetrexed.

92. The method of claim 76, wherein the lung cancer is non-small cell lung cancer.
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93. The method of claim 92, wherein the non-small cell lung cancer has a mutant form of

epidermal growth factor receptor (EGFR).

94. The method of claim 92, wherein the non-small cell lung cancer has wild-type EGFR.

95, The method of clan 94, wherein the subject has received prior therapy with a platinum-

based therapy.

96. The method of claim 92 or 94, wherein the subject received prior therapy with an inhibitor of

PP-1 or PD-LY.

97. The method of claim 96, wherein the subject received prior therapy with an inhibitor of PD-

1.

98. The method of claim 76, wherein the breast cancer 15 selected from the group consisting of
HERZ2 positive, HER2 negative, Estrogen Receptor {(ER) positive, ER negative, Progesterone
Receptor (PR} posifive, PR negative, and triple negative breast cancer.

99, The method of claim 98, wherein the breast cancer is HERZ negative breast cancer.

100. The method of claim 99, wherein the subject received one or more prior line of therapy for

the HER?2 negative breast cancer.

101. The method of claim 100, wherein the one or more prior line of therapy comprised

treatment with a taxane.

102, The method of claim 99 or 100, wherein the subject is hormone receptor positive.

103. The method of claim 102, wherein the subject received prior therapy with an inhibitor of
CDK4/6.
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104. The method of claim 102 or 103, wherein the subject received prior therapy with a

hormonally-directed therapy.

105, The method of claim 76, wherein the colorectal cancer 1s selected from the group consisting
of a colorectal adenocarcinoma, a gastrointestinal stromal tumor, a primary colorectal

iymphoma, a gastrointestinal carcinoid tumor, and a letomyosarcoma.

106. The method of claim 108, wherein the subject received two or more prior lines of therapy

for the colorectal cancer,

107, The method of claimn 76, wherein the pancreatic cancer 18 an ex0CTine Cancer or a

neuroendocrine cancer.

108. The method of claim 107, wherein the exocrine cancer 1s selected from the group consisting
of pancreatic adenocarcinoma, acinar cell carcinoma, cystadenocarcinoma, pancreatoblastoms,
adenosquamous carcinoma, signet ring carcinoma, hepatoid carcinoma, collowd carcinoma,

undifferentiated carcimoma, and pancreatic mucinous cysiic neoplasm.

109. The method of claim 108, wherein the pancreatic adenocarcinoma s pancreatic ductal

adenocarcinoma.

110. The method of claim 108 or 109, wherein the subject received one or more prior line of

therapy for the pancreatic cancer.

111, The method of any one of claims 66-110, wherein the antibody or antigen-binding
fragment or antibody-drug conjugate is in a pharmaceutical compaosition comprising the antibody
or antigen-binding fragment or antibody-drug conjugate and a pharmaceutically acceptable

carrier.
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112. The method of any one of claims 66-111, wherein the subject is a human.

113, A kit comprising;

{a) the antibody or antigen-binding fragment of any one of claims 1-28 or the antibody-
drug conjugate of any one of claims 29-43; and

(b} mstructions for using the antibody or antigen-binding fragment or antibody-drug

conjugate according to the method of any one of claims 66-112.

114, A pharmaceutical composition comprising the antibody or antigen-binding fragment of any
one of claims 1-28 or the antibody-drug corgugate of any one of claims 29-43 and one or more
agents selected from the group consisting of a physiologically acceptable carrier, a diluent, an

excipient and an auxiliary,

115, An antibody or antigen-binding fragment thereof or antibody-drug conjugate that binds to

D228 for use n the method of any one of claims 66-112.

116. Use of an antibody or antigen-binding fragment thereof or antibody-drug conjugate that
binds to CD228 for the manufacture of a medicament for use in the method of any one of claimsg

66-112.



